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PEPTroE KETOAMroES, KETOACmS, AND KETOESTERS 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

5 niis invention relates to a novel class of peptide ketoestm. peptide ketoadds. and 

ketoainidfis uscfiil for selectively inhibiting seiine proteases, selectively inhibiting cysteine 
proteases, generally inhibiting all seriiie proteases, and generaUy inhibiting all cysteine 
proteases. Serine proteases and cysteine proteases are involved in numerous disease states and 
inhibitors for these enzymes can be used theiapettricaUy for the treatment of diseases involving 
10 serine proteases pCcystdnc proteases. We have discovered thaTjeptide o-ketoesters, peptide 
a-ketoacids. and a-kctoamides can be constructed to inhibit selectively individual serine or 
cysteine proteases or groups of serine or cysteine proteases. We have found that peptide 
ketoesten. ketoadds, and ketoamidcs which contain hydrophobic aromatic amino acid residues 
in the Pi site are potent inhibiton of chymascs and diymotrypsin-like enzymes. KctocstBTS. 
acids, and amides containing smafl hydrophobic amino add residues at tiie Pi position are good 
inhibitors of clastascs. Inhibitors of elastases and chymases are useful as anti-inflammatoiy 
agents. We have found that peptide ketoestcrs, amides, and acids which contain cationic amino 
acid residues such as Aig and Lys in the Pi site are potent inhibitors of trypsin and blood 
coagulation enzymes. These inhibitors are tiius useful as anticoagulants. Cysteine proteases 
such as papain, cathepsin B. and calpain I and H are also inhibited by kctocster^i. Ketoestcrs. 
adds, and amides with aromatic amino acid residues in the Pj site would be good inhibitors for 
cathepsin Band papain. Thus, tiiey would have utility as anticancer agents. Ketoestcrs. 
ketoacids. and ketoamides witii dtiier aromatic amino add residues or smaU hydrophobic alkyl 
aminoaddresiduesatPiaregoodinhibitorsofcalpainlandn. These inhibitors are useful as 
neuroprotectants and can be used as therapeutics for tiie treatment of neurodcgeneration. 
2. Nomenclature 

In discussing the interactions of peptides with serine and cystdne proteases, we have 
utilized the nomenclature of Schechtcr and Bctgcr [Biochem. Biophys. Res. Commun. 27. 
157-162 (1967); incorporated herein by refcrcnccl. TUc individual amino acid residues of a 

substrate or inhibitor are designatcdPi.P2. etc. and the corresponding subsites of the enzyme 
are designated Si. S2, etc. The sdssUe bond of tiie substrate is Si-Sf. TTie primary substrate 
recognition site of serine proteases is Si. The most important recognition subsites of cysteine 
proteases are Si and Si. ' 

Amino add residues and bloddng groups are designated using standard abbreviations 
(sec J. Biol. Qem. 260. 14-42 (1985) for nomenclature rules: incoiporaied herein by 
. reference]. An amino add residue (AA) in a peptide or inhibitor structure refers to the part 
structure -NH-CHRi-CO-. where Ri is die side chain of die amino add residue AA. A peptide 
a-kctocster residue would be designated -AA-COOR whidr represents the part structure -NH- 
CHRi-CO-CO-OR. TTius. tiie ctiiylketoester derived from benzoyl alanine would be 
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designated Bz-Ala^C>OEt which represents CeHsCONH-CHMc-CO-COOEt Likewise, 
peptide tetoacid residues and pc5>tidc tetoamide residues 

-AA-CO-NH-Ricspectivcly- Thus, the ethyl kcto amide derived fomZ-Ixu-Phe-OH would 
be dcsignalBdZ-Leu-Phe-CO.NH.Et which represents C6H5CH2PCO.NH43I(CH2CHMe2)- 
5 CO-NH-CH(CH2Ph)<:O.CO.NH.Et| 
3, Dcsoipdm of the Rdaicd Art 

Serine Proteases. Serine proteases play critical roles in several physiological processes 
such as digestion, blood coagulation, complement activation, fibrinolysis, viral infection. 
fcrtili2ari<m.andrcprodttcdon. Serine proteases are not only a physiological necessity, but also 

10 apotcntialhazaidiftiiey are not controlled. UncontroUed proteolysis by clastasesm^ cause 
pancreatitis, emphysema, rheumatoid arthritis, bronchial inflammation and adult respiratory 
distress syndrome, ft has been suggested tiiat a new trypsin-likecenularcnzyinc(tryp^^ 
involved in tiie infection of hurnan immunodeficiency virus type 1 [HIV-1; Hattoi et aL, FEES 
Utters 248, pp. 48-52 (1989)], which is a causative agent of acquired immunodeficiency 

15 syndrome (AIDS). Plasmin is involved in tumor invasiveness, tissue remodeling, blistering, 
and clot dissociation. Accordingly, specific and selective inhibitors of tiiese proteases should 
be potent anticoagulants, anti-inflammtory agents, anti-ttimor agents and anti-viral agents useful 
in tiie treatment of protease-related diseases [Powers and Harper. Proteinase Inhibixors, pp 55- 
152, Barrett and Salvesen, eds., Hsevier. (1986); incorporated herein by rcfercncel. In vitro 

20 proteolysis by chymotrypsin, trypsin or tiie elastasc family is a serious problem in die 
production, purification, isolation, transport or storage of peptides and proteins. 

Elastasc inhibitors arc anti-inflammatory agents which can be used to treat clastase- 
associated inflammation including rheumatoid artfiritis and emphysema. Atthough die namraUy 
occurring protease inhibitor, al-protease inhibitor (al-PD has been used to treat patients witii 

25 emphysema, tins protein inhibitor is not widely used clinicany due to tiie high dosage needed 
fortrcaimentandtiiedifficulyofproducinglaigequantities. Therefore small molecular weight 
elastasc inhibitors are needed for tiierapy. Otiier low molecular weight dastase inhibitors have 
utiliy for tiic treatment of emphysema and inflammation (see: lH:arpq)cncm-3<arboxylic esters 
as anti-mflammatoty agents. U.S. Patent 4.493,839; N-carfx)xyl-tiuenamycin esters and 

30 andogstiiercofas anti-inflammatory agents. U.S. Patent 4,495.197: incorporated he 

reference). 

Anticoagulants and antithroitiiboric drugs are used in a variety of tiirombotic disorders . 
The 1990 Pl^sician's Desk Reference lists several anticoagulant drugs (heparin, protamine 
sulfate and wraifarxn). a few antiplatelet dmgs (aspirin) and several tiirombolytic agents. 
35 Heparin and warfarin are commonly used clinically forprcvention and treatment of venous 
tfirombosis and puhnonary embolism. Heparin inhibits tiie blood coagulation activity by 
accelerating the binding of namral plasma protease inhibitor anritfuDmbin III witii coagulation 
factors, and warfiwin acts as a vitamin K antagonist and inhibits tiie synthe^ 
factors. None ofthc anticoagulant drugs, antithrombotic drags, fibriiwlytic a 
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antiplatelet drugs are highly effective in all clinical situations and many induce side reactions 
[Von KzuXlR, Burger's Medicimd Chemistry, Part 11, pp 1081-1132. Wolff, ed^ (1979): 
incorporated herein by reference]. Coagulation disorders such as disseminated intravascular 
coagulation, bleeding cos^lications of medical and surgical procedures and bleeding 

S complications of systemic illness arf still difficult to manage Hngtam, Brozovic and Slater, 
Bleeding Disorders^ pp 1-413, Blackwdl Scientific Publications, (1982): inccvporated herein 
by Inference]. In the treatment of patients with coagulation pnsblems. anticoagulant or 
antithrombotic agents of diverse mechanisms are urgentiy sought in order to provide better 
medicalcare. Inhibitors for the ttypsin-Ukejenzyixies involved in blood coagulation are useM 

10 anticoagulants in vivo [see for example: H-D-Phe-Pro-Arg-CHia, Hanson and Barker, Proc. 
Nad. Acad. Sci, 85, 3184-3188 (1988): 7-Amino-4^hlon>.3-(3- 
isothiurcidopn>poxy)isocouniarin (ACTTIO. Oweida, Ku, Lumsdcn, Kam, and Powers, 
Thrombos. Res. 58, 191-197 (1990): incorporated herein by reference]. 

Cysteine Proteases. Cysteine proteases such as calpain use a cysteine residue in their 

15 catalytic mechanism in contrast to serine proteases which utilize a serine residue. Cysteine 
proteases include papain, cathepsin B, calpains, and several viral enzymes. Neural tissues, 
including brain, are known to possess a large variety of proteases, including at least two 
calcium stimulated proteases termed calpains. Calpains are present in many tissues in addition 
to the brain. Calpain I is activated by micromolar concentrations of calcium while calpain II is 

20 activated by millimolar concentrations. In the brain, calpain II is the predominant form, but 
calpain I is found at synaptic endings and is diought to be the form involved in long term 
potentiation, synaptic plasticity, and cell death. Other Ca^**" activated cysteine proteases may 
exist, and the term "calpain" is used to refer to all Ca^*** activated cysteine proteases, including 
calpain I and calpain IL The terms "calpain T and "calpain IT are used herein to refer to the 

25 micromolar arKlinillimolar activated calpains, respectively, as described above. While calpains 
degrade a wide variety of protein substrates, cytoskeletai proteins seem to be particularly 
susceptible to attack. In some cases, the products of the proteolytic digestion of these proteins 
by calpain are distinctive and persistent over time. Since cytoskeletai proteins arc major 
components of certain ^pes of cells, this provides a simple method of detecting calpain activity 

30 in cells and tissues. Thus, calpain activation can be measured indirectiy by assaying the 
proteolysis of the cytoskeletai protein spccttin, which produces a large, distinctive and 
biologically persistent breakdown product when attacked by calpain [Siman« Baudry, and 
Lynch, Proe. NatL Acad. Stn. USA 81, 3572-3576 (1984): incorporated herein by reference]. 
Activation of calpains and/or accugnulation of breakdown products of cytoskeletai elements has 

35 been observed in neural tissues of manunals exposed to a wide variety of neurodegenerative 
diseases and conditions. For exairq)le, these phenomena have been observed following 
ischemia in gerbils and rats, following stroke in humans, following administration of the toxins 
kainate, trimetiiyltin or cpkhicine in rats, and in hutnan Alzh^ 
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Several inhibitois of calpain have been described including peptide aldehydes such as 
AcLeu-Leu-Nle-H and leupeprin (Ac-Len-Leu- Arg-H). as well as epoxysucdnaies such as E- 
64 Tlese compounds a« not especiaUyuseM at inhibiting calpain in neuial tissue inv^ 
because they aicpooriy membrane pcrmeamand, accordingly, arenotlik^^ 

5 bnunbamcrvetywdLAlso.maayoftheseinhiTHton5havcpoorspccific^ 

widevarietyofproteascsinaddilioatocalpain. Ih addition, other classes of compounds which 
inhibitcysteineproteasesindudepeptidcdiazomethylketoncCRich^ 
/„«6to«.BaiicttA. J.andSalvcrsen.O.Eds.,EIsevier.NewYoric 1986. pp 153-178: 
i^oatcdhereinbyiefeience). Peptide diazomethyl ketones are potentially carcinogemc and 

10 axethoughttobepoorlymembrancpermeantandtohavelowspecificity.Thus.noefrective 
therapyhasyetbeendevelopedformostneuiodcgenerativediscasesandconditions. Millions 
of individuals suffer from neurodegenerative diseases and thus, there isanecd for therapies 

effective in treating and preventing these diseases and conditions. 

(idiepsin B is involved in muscular dystrophy, myocardial tissue damage, tumor 

15 metastasis,andboneresorpdon. Ih addition, a number ofviial processing enzymes, which are 
csseatialforviialinfecuon.arecysteineprotcascs. Inhibitois of cysteine proteases would have 

multiple dieiq>eutic uses. 

Ktwesten. A few amino acid and peptide kctoesteis and kctoacids have been 

previously reported. Comforth and Comforth [/. CAem. 5cc.. 93-96 (1953); incorporated 
20 hereinbyreferencelreportthesymhesisoftheketoaridsPhCHzOJ^ly-CO-OHandAc-Gl^ 
CO-OH upon hydrolysis of heterocyclic molecules. Charles et aL [/. CW &c. Paidnl, 
1 139-1 146 (1980); incorporated herein by reference] use ketoestcrs for the synthesis of bicycUc 
heterocycles. TTujy report the synthesis of «-BuCO-A]a-C(K)Et,PiCO-Ala-CCM)Et. 
cydopcnlylC(>Ak-CO<»Et PrCO-PhGly-a>OEt.andBz-Ala-CC>OEL HonetaL 
25 [Pqjades-Stnu^easutFunahn-PnceedmgsqfthetrtnthAmer^ 

(Deber.Hmby.andKopple. Eds.) Pierce Chemical Co. PP819.822 (1985): incorporated 
hereinbyreferencelreportBz-Ala^aBa-Ala^H.Z.AIa-Ak-Abu.aM)a^ 
Ala-Abu-OMJBz!, andZ-Ala-Ala-Ala-Ala-COOEt (Abu = 2-aminobutanoic aador o- 
aminobutyricacid)andrepottthatthcsecoiiipo«ndsintaT>itelastase.Tnu^^ 
30 Sci 8 303-307 (1987): incorporated herein by reference] comments on one of this 

compljunds. Burkfaart. J.. Peet. N. P.. and Bey. P. [Temiteton Un. 29. 3433-3436 (1988): 
incorponHcdhcrein by teferencc] report the synthesis of ZrVal-Phe^CW^^& 

OMe. 

Mchdi et aL [B/ocAm. BtopAy*. Cbnrm. 166. 595-600 (1990^^^ 
35 hcreinbyreference]ieporttheinhibirionofhui!ianneutrophflelastaseaiidcaih 

peptide a-keioestets. AngelastroetaL[/. Af«*.CA«m.33. 13-16 (1990): incorporated herein 
by icference] report soine a-ketoesteis which are inhibitors of calpain and chymotiypsin.^ 

and Abefcs [Arch. Biochan. Blophys. 281. 271-274 (1990): incorporated herein by reference] 
report some peptidyl o-ketoamides and (Erketoadds which are fatoTritois of cathepsin B ^ ^ 
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papain. Pcci et al. [/. Med. Chm, 33, 394-407 (1990); incorporated herein by reference] 
repon some pepddyl a-kecoestcrs winch are mhibitors of porcine pancreadc elastase, human 
neutrophil elastase, and lai & human neutrophil cathepsin G. 

Ketoamidts. A single peptide ketoamide is reported in the literattire by Hu and Abeles 
5 [ArcL Biochem. Biophys. 281, 271^274 (1990)]. This compound Z-Phe-NHCH2CCM:0- 
NH-Et oc Z-Phe-Gly-CONH-Et is reported to be an inhibitor of papain (K[ » 1 J (iM) and 
cathepsin B (Kj « 4 nM). 

SUMMARY OFTHE INVENTION 

10 We have discovered that pq)dde and amino acid a-ketoester, a-ketoacid, and a- 

}i^f^^\A^ deri vad ves are a novel group of inhibitors for serine proteases and cysteine 
proteases. Inhibitocs are compounds diat reduce or eliminate the catalytic acdvity of the 
enzyme. We have discovered that pepdde and amino acid a-ketoester, a-ketoacid, and a* 
Vt^xtyam^t^ derivatives, which have an amino acid sequence similar to that of good substrates for 

15 a pardcular protease, are good inhibitors for that protease. Thus, we are able to predict the 
structure of new inhibitors for other serine and cysteine proteases based on knowledge of their 
substrate specificides. 

We have discovered some peptide and amino acid a-ketoester« a-ketoacid, and a- 
ketoamide derivatives which are specific inhibitors for trypsin, elastase, chymotrypsin, 

20 granzymes, and other serine proteases, and some of the derivatives which are general inhibitors 
for groups of serine proteases. Trypsin and trypsin-Iike enzymes normally cleave peptide 
bonds in proteins and peptides where the amino acid residue on the carbonyl side of the split 
bond (Pi residue) is Lys or Arg. Peptide and amino acid a-ketoester« a-ketoacid, and a- 
ketoamide derivatives which have Lys or Aig at P^ are thus good inhibitors for these enzymes. 

25 Elastase and elastase-like enzymes cleave peptide bonds where the Px arruno acid is Ala, Val, 
Ser, Leu and other sinularanuno adds. Inhibitors widi these residues at Pj are good elastase 
inhibitors. Chymotrypsin and chymotrypstn-like enzymes hydroiyze peptide bonds where Pi 
amino acid is Trp, Tyr, Phe, Met, Leu or other anuno acid residues which contain aromatic or 
large alkyi side chains. Inhibitors with tiiese residues ax Pj are good chymotrypsin and 

30 chymase inhibitors. All of the above eiuymes have extensive secondary specificity and 
recognize amino acid residues removed from the Pi residue. 

The new protease inhibitors, especially the elastase inhibitors, trypsin inhibitors, and 
chymase inhibitors are useful for controlling tissue damage and various iriflammatory 
conditions mediated by proteases such as blistering. The inhibiu>rs for blood coagulation 

35 enzymes are useful anticoagulants and could be used to treat thrombosis. 

The peptide and amino acid a-keioester, a-ketoacid, and a-ketoanude derivatives are 
also useful in vitro for inhibiting trypsin, elastase, chymotrypsin and other serine proteases of 
similar specificity, and for itshibiting serine proteases in getieraL The inhibitors can be used to 
identify new proteolytic enzymes encountered in research. Th^ can also be used in research 



^, inoTiTl ITC: QHPPT 



wo 92/12140 



PCr/US91/09801 



-6- 



and industriafly to pievcntundesiied proteolysis that occurs during the productiotu isolation, 
purification, iransportandstorageofvaiuablepcptidcs and proteins. Such proteolysis often 
destioysoraltcrstheactivityand/orfiinctionofthcpcptidesandpiDtcins. Uses would include 
Uw addition of the inhibitors to antibodies, enzymes, plasma proteins, tissue extracts orothcr 
5 proteins andpeptideswhichaic widely foldforuscindinicalanalyscs,Womedical« 
andformanyothericasons. For some uses a specific inhibitor would be desirable, while in 
other cases, an inhibitor with general specificity would be preferred. 

The peptide and amino adda-ketoester.a4Btoacid, and o-ketoamidcderiva^ are 

also novel and potent inhibitors of cysteine proteases including calpains, cathepsin B. and 
10 papain. ThecalpaininhfliitorsaieuscfWforinMtmentofvariottsneu^ 
andconditions, includuigischemia.stroke.andAWidmer's disease. 

DETAILED DESCRIPTION OF THE INVENTION 
Peptide o-ketocstets. peptide a-ketoadds. and peptide a-ketoamides are transidon state 
15 analoginhibitorsforscrineproteascsandcystcincprotcases.Pcptidckew^ 

hydrophobic amino acidrcsidues in the Pi site have been fomid to be exceUcnt inhibitors of 

several serine proteases including human leukocyte clastase. porcine pancreadc elastase. hmnan 
leukocyte cathepsin G. and bovine chymotrypsin. Pepdde ketoesters containing amino acid 
residue with carionic side chain in the Pi site have been found to be exceUcnt inhibitors of 

20 several senne proteases indttding bovine trypsin, bovine thrombin, human plasma kall^^ 
porcine pancreatic kallikrein. human factor Ma and human plasmin. Peptide ketoesters 
containing amino add residues with hydrophobic sidediain atthe P, site have also been found 
to be exceUcnt inhibitore of several cysteine proteases including papain, cathepsin B and 
calpain. These structures may be used in vwo to treat diseases sudi as emphysema, adult 

25 respiratory distress syndrome, riieumatoidaithritisandpancreatiriswhidiresttltfit^ 

unconBDUedprote6lysisbyelastase.diymotrypsin.trypsinandrclatedserineprotcases. These 
inhibitors may be used in wiro to prevent proteolysis which occurs in the process of 
prodttcdon,isoladon.purificarion.storageortransportofpcptidesandprotdns. These 
mhSritors may be useful as therapeutic agents for treatment of neurodegeneiarion. viral 

30 infections, muscular dystrophy, myocardial tissue damage, tumor HBtastasis. and ^ 

resorption. 

The novel class of peptide a-ketoamides have the foUowing strucnaal formula: 
Mi-AA-NH-CHR2-CO<X>NR3R4 
or a pharmaccuricaUy accqitable salt wherein 
35 Ml represents H.NH2-CO-.NH2-CS-.NH2-SO2-.X-NH-CO-.X2N-CO-. 

X-NH-CS-. X2N.CS-. X-NH-SO2-. X2N-SO2-. X-CO-, X-CS-. X-SO2-. X-0-CO-. or X- 
0-CS-: 

X is selected from the group consisting of Ci-10 alkyi, Ci-io fluoroalfcyl. Ci-iQ aUcyl 
substimted with J, Cmo fluoroalkyl substimted wi± J. l-admantyU 9-fUiorcnyl. phenyL 
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phenyl subsdnited with K. phenyl disubsiimted with K, phenyl trisubstituted with K, naphthyl. 
naphthyl substituted with K, naphthyi disubsdtutcd with K, naphthyl trisubstituted with K, 
Ci-io alkyl with an attached phenyl group, Ci-io aDcyl with two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group subsdmted with K, Ci-io alkyl with two attached 

5 phenyl groups subsdtuted with K, C^- 10 alkyl with an attached phenoxy group, and Ci-io 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from die group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci. 
10 alkoxy, Cmq alkylamine, C2-12 dialkylamine. Cmq alkyl-OCO-, Ci-iQ aDcyl-O-CO- 
NH-.andCi,ioalkyl-S-; . - 

10 K is selected from the group consisting of halogen. Cj.io ^I-IO peifluoroalkyl, 

Ci.io alkoxy, NO2, CN, OH, CO2H, amino. Ci_io alkylamino, C2.12 dialkylamino, Ci- 
Cio acyl, and Ci-io alkoxy-CO-, and Cj.io alkyl-S-; 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuradou or no chiiality at the a-carbon selected from the group consisting of alanine, 

15 valine, leucine, isoleucine, proline, meduonine, meduonine sulfoxide, phenylalanine, 

tryptophan, glycine, serine, direonine, cysteine, tyrosine, asparagine, glutamine, aspardc acid, 
glutamic acid, lysine, argininc, histidine, phcnylglycine, beta-alanine, norieucine, norvalinc, 
alpha-aminobutyric acid, epsilon-aminocaproic acid, citrulline, hydroxyprolinc, ornithine, 
homoarginine, saxcosine, indoline 2-carboxylic acid, 2-azetidinecarboxylic acid, pipecolinic 

20 acid (2-pipcridine carboxylic acid), O-mcdiylserine, O-cdiylscrinc, S-mediylcystcine, S- 
cdiylcysieine, S-bcnzyteysteinc, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napdiyl)-COOH, NH2-CH(CH2-2-napdiyl)-COOH, NH2-CH(CH2- 
cyclohexylKOOH, NH2-CH(CH2-cyclopentylK:OOH, NH2-CH(CH2-cyclobtttyl)-COOH. 
NH2-CH(CH2-cyclopropyl)-COOH, trifluoroleucine, and hexafluorolcucine: 

25 R2 is selected from die group consisting of Ci.g branched and unbranched alkyl, C1.8 

branched and unbranched cycUzed alkyl, and Ci.g branched and unbranched fluoroalkyl; 

R3 and R4 are selected independendy from die group consisting of H. C1.20 alkyl, Ci. 
20 cyclized alkyU C1.20 ^* * phenyl group attached to die Ci.20 all^l, Ci,20 cycliicd 
alkyl with an attached phex^l group, 0^.20 aO^l widi an attached phenyl group substituted 

30 widi K, C1.20 alkyl with an attached phenyl group disubsdtutcd widi K, C1.20 alkyl widi an 
attached phenyl group trisubstimted widi K, C1.20 cyclized alkyl mOi an attached phenyl 
group subsdmted widi K, Ci.io ^* * morpholinc [-N(CH2CH2)01 ring attached 
through nitrogen to the alkyl C {.iq alkyl with a piperidine ring attached through nitrogen to 
die alkyl, Cj.iq alkyl wi± a pyrrolidine ring attached through nitrogen to die alkyl, C1.20 

35 alkyl widi an OH group attached to die alkyl, -CH2CH2OCH2CH2OH. Cuo widi an'attachcd 
. 4-pyridyl group, Cj-io widi an attached 3-pyridyl group, Ci.jo widi an attached 2-pyridyl 
group, Cj.io widi an attached cyclohcxyl group, -NH-CH2CH2-(4-hydroxyplienyl). and - 
NH^2CH2-(3-indolyl). 

The novel class of peptide a-ketoamides also have die foOowing strucmral formula: 
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10 



Mi-AA2-AAi-a5^<R3R4 
or a phannacoitically accqKable salt, wherein 

Ml represents H, NH2-C0-. NH2-CS-. NH2-SO2-. X-NH-CO-. X2N-CO-. 

x-m-cs: xin-cs; X-NH-S02-. X2N.SO2-. X-CO-. X-CS-. X-S02-. x-cwro-, or X- 

OCS-; I 

X is sdectcd fiom the group consisting of CuO alkyl. Cmo fluoroalkyl, Ci-io alkyl 
substimtcd with J. Ci.iO fluoxoaUcyl substituted with J. l-admantyl, 9-fluorenyl. phenyl, 
phenyl substinited with K. phenyl disubstituted with K, phenyl trisubsrituted widi K. naphthyU 
naphthyl substinited with K. naphthyl disubsiituted with K. naphthyl trisubstituted with K. 
Ci ioa]fcylwithanattachedphenylgrottp.Ci.ioalkylwithtwoattachedphenylgtoaps.C^^ 
10 alkyl with an attached phenyl gtoup substimted with K. Ci-iO alkyl with two attach 
phenyl groups substituted with K. Ci-iO alkyl with an attached phenoxy group, and Ci-io 
alkyl with an attached phenoxy group substinited with K on the phenoxy group: 

J is selected ftom the group consisting of halogen, COOH. OH. CN. NO2. NH2, Ci- 
15 ioalkoxy.Ci.ioalkylainine.C242diaIkyIamine.Ci40alkyl-O^Xi.W 

NH-.andCi.ioalkyl-S-: 

K is selected from the group consisting of halogen. Cuo alkyl. Cmo pofluoroaUcyl. 

Clio alkoxy, NO2. CN, OH. C02a amino, Cmq alkylamino. C2-12 dialkylamino. Ci- 

Cio acyl. and Ci.io alkoxy-CO-, and Ci.io attyl-S-; 
20 AAi is a side chain blocked or unblocked amino acid with the L configuration. D 

configuration, or no chirality at tiw o<arbon selected fiom the group consisting of alanine. 

vaHne. leucine, isoleucine. proline, meduonine. metfiionine sulfoxide, phenylalanine. 

tryptophan, serine, tiueonine. cysteine, tyrosine, asparagine. glutamine. aspartic acid, glutamic 

arid, lysine, argininc, histidine, phenylglydne, beta-alanine. norleudne. norvaline, alpha- 
25 anrinobutyric acid, epsflon-aminocaproic add. dtrulline.hydroxyproline. ornithine. 

homoarginine. sarcosfae. indoline 2-carboxylic add. 2-azetidinecarboxylic add. pipecolinic 

acid (2-pq>eridine caAoxylic add), O-methylserine. O^Ohylserine. S-methylcysteine. S- 

etiiylcysurine. S-ben^lcystdne. NH2-CH(CH2CHEt2KXX)H, alpha-aminoheptanoic add. 

NH2-CH(CH2-l-naptiiylH:OOH. NH2-CH(CH2-2-naptiiyl)-COOH. NH2-CH(CH2- 
30 cyclohexyl)-COOa^M2-CH(CH2<ydopentyl)^OOH.NH2-CH(CH2-cydobutylHa»a 

NH'>-aifCH2-<g^opropyl)-COOH. trifluoroleudne. and hexafluoroleucinc: 

" AA2isasidechainblockcdornnblockedanunoaddwiriitijeLconfignration,D 
configuration, or no diiraUty attiie owarbon sdected fiom die group consisting of alanine, 
valine, leucine, isoleucme. proline, rnetfiionine. meduonine sulfoxide, p 
35 tryptophan, glydne, serine, timotAc, cystdne. tyrosine, asparagine. glutamine. aspaitic add. 
glutamic add. lysine, arginine. hisndme. phenylglydne, bcu-alanine. norieudne, norvaline. 
ilpha-aminobutyric acid, cpsUon-aininocaproic add. dtrulline. hydroxyproline. binitiune. 
homoarginine, sanMBine, indoline Znaiboxylic add, 2-azctidinccarboxyUc 
acid (2-piperidine carboxylic add). Orothylsoine, O^tiiylserine. S-meth^ 
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cthylcystcine, S-bcnzylcystcinc. NH2-CH(CH2CHEt2>-COOH, alpha-aminohcptanoic acii 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthylK:OOH. NH2-CH(CH2- 
cydohcxyl)<;OOH, NH2-CH(CH2-cyclopcntyl)-COOH. NH2-CHCCH2-cyclobutyl).CCX)H. 
NH2<rH(CH2-cyclopiopyl)-COOH, trifluorolcucinc and hexafluoroleucinc: 
5 R3 and R4 arc selected independently from the group consisting of H, Ci,20 Ci. 

20 cyclized alkyU C1.20 alicyl with a phenyl group attached to the Ci^iO alkyl, C1.20 cyclizcd 
• alkyl with an attached phenyl group, Ci.20 aUcyl with an attached phenyl group substituted 
with C1.20 aU^l wi^ an attached phenyl group disubstitutcd with K, C1.20 alkyl with an 
attached phenyl group trisubstituted with K» Ci:20 cyclizcd alkyl wiA an attached phenyl 

10 group substituted with K, Chq alkyl with a moipholine [-N(CH2C3l2X)] ring attached 
through nitrogen to the alkyl Cj.io aD^I with a pipcridine ling attached through nitrogen to 
the alkyl Ci.io alkyl witii a pynolidxne ring attached through nitrogen to the alkyl C1.20 
alkyl widi an OH group attached to the aflcyl -CH2CH2OCH2CH2OII Ci, 10 with an attached 
4-pyridyl group. Cj.io with an attached 3-pyridyl group. C^.^q with an attached 2-pyridyl 

15 group, Ci.io with an attached cyclohcxyl group, -NH-CH2CH2-(4-hydroxyphenyl). and - 
NH-CH2CH2-(3-indolyl). 

The novel class of peptide a-ketoamides also have the following stracmral fonnula: 
M1-AA.AA-AA-CO-NR3R4 
or a phaimaceuucally acceptable salt, lirfierein 

20 M I represents H, NH2-CO., NH2-CS-, NH2-SO2-, X-NH-CO-, X2N-C0% 

X-NH-CS-. X2N-CS-. X-NH-S02-. X2N.SO2-. X-CO-, X-CS-. X-SO2-, X-O-CO-, or X- 
0-CS-; 

X is selected from the group consisting of Cmo alkyl CulO fluoroalkyl Cmo alkyl 
substituted with h Ci-io fluoroalkyl substituted with J, l-admantyl, 9-fluorcnyl phenyl 
25 phenyl substimted with K. phenyl disubstitutcd with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substimted widi K« naphtiiyl disubstimted with K, naphtiiyl trisubstimted widi K« 
Cmo alkyl writh an attached phenyl group. Ci-io alkyl with two attached phenyl groups, Cu 
10 alkyl with an attached phenyl group substimted with K, Ci-io aO^l widi two attached 
phenyl groups substimted witii K; Cmo alkyl witfi an attached phcnoxy group, and Ci-io 
30 all^l with an attached phenoxy group substimted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH. CN. NO2, NH2. Ci . 
10 alkoxy, Ci-io allqrlaraine, C2-12 dialkylamine, Ci-io alkyl^CO-. Ci-io aDcyl-O-CO- 
NH-. and Ci.io alkyl-S-: 

K is selected from the group consisting of halogen, Ci.io alkyl Ci.io perfluoVoalkyl 
35 Ci.io alkoxy, NO2. CN, OH. CO2H, amino. Ci.io alkylamino. C2.12 dialkylamino, Ci- 
Cio acyl and Ci.io alkoxy-CO-, and Ci.io aDcyl-S-: 

AA is a side chain blocked or unblocked amino acid with the L configuration. D 
configuration, or no chiiality at the a-carbon selected from the group consisting of alanine* 
valine, leucine, isoleucine. proline, methionine, metiuonine sulfoxide, phenylalanine. 
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trypiophan, glycine, serine threonine, cysteine, tyrosine, asparagine, glutaminc, aspartic acid, 
glutamic acid, lysine, arginine, histidine, phcnylglycinc, bcta-alanine, noileucine, norvaline, 
alpha-aminobutyric acid, cpsilon-aminocapioic acid, dtniUinc, iqrdxDxyprolinc, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic add, 2-a2cridinecarboxylic add, pipecolinic 
5 acid (2-pq)cridinc carboxylic acid), Oi^thylscrine, 0<thyIserine, S-mediylcysteine, S- 
cthylcysteine, S-ben^Icystcine. NH2-CH(CH2CHEt2)-COOH, 
NH2-CH(CH2-l-napthyl)-COOH. NH2-CH(CH2-2.napthyl)-CCX)H, NH2^{C3l2- 
cycIohexyD-COOH, NH2-CH(CH2-cyctopcntyl)-COOH. NH2-CH(CH2-cyclobutyl)-COOH, 
NH2-CH(CH2-cyclopropyl)-COOH, trifluorolpucme. and hexafluotolettdne; 

10 R3 and R4 are selected indepcndendy from the group consisting of H, C1.20 aUcyU Cj. 

20 cydized alkyU C1.2O ^ phenyl group attached to the C1.20 al^yU Ci,20 cyOzed 

alkyl with an attached phenyl group, C1.2O ^ attached phenyl group substituted 

with K, C1.2O slkyl witii an attached phenyl group disubstituted with K, C1.20 alkyl with an 
attached phenyl group trisubstituted witfi K, C1.20 Cydized alkyl witii an attached phenyl 

15 group substituted with K, Ci.io alkyl with a morpholine [-N(CH2CH2)01 ring attached 
through nitrogen to the alkyl, Ci.io alkyl with a pipcridine ring attached through nitrogen to 
the alkyl, Ci.io alkyl with a pyrrolidine ring attached through nitrogen to the alkyl, C1.2O 
alkyl with an OH group attached to the alkyl. -C3I2CH2OCH2CH2OH, Cmq witfi an attached 
4-pyridyl group, Ci.io with an attached 3-pyridyl group, Cj.iq with an attached 2-pyridyl 

20 group, Ci.io with an attached cyclohexyl group, .NH-CH2CH2-(4-hydroxyphenyl), and - 
NH^2CH2-(3-indolyl)- 

The novel class of peptide a*ketoamides also have the following structural formula: 
M1-AA-AA-AA-AA-CO-NR3R4 
or a pharmaceutically acceptable salt, wherein 

25 Ml represents H, NH2-C0.i NH2-CS-, NH2-SO2-, X-NH^-, X2N-CO-, 

X-NH-CS-. X2N-CS., X.NH-S02-, X2N-^02-. X-CO-. X-CS-, X-SO2-. X-O^O-. or X- 
0<S.: 

X is sdccted from the group consisting of Ci-io alkyl, Ci-io fluoroalkyl, Ci-iQ alkyl 
substituted wtdi J, Ci-io fluoroalkyl substimted with J, l-adman^l, 9-fluorenyl, phenyl, 

30 phenyl substituted witii K, phenyl disubstituted widi K, phenyl trisubstituted widi K, naphtiiyl, 
naphtiiyl substituted widi K, naphthyl disubstituted with K, naphthyl trisubstinited witii K, 
Ci-io alkyl with an attached phenyl group, CulO alkyl with two attached phenyl groups, Ci. 
10 alkyl witii an attached phenyl group substimted witii K, Ci.io alkyl widi two attach 
phenyl groups substimted witfi K, Ci-io alkyl with an attached phenoxy group, and Ci-io 

35 alkyl widi an attached phenoxy group substimted with K on the phenoxy group; 

J is selected from die group consisting of halogen, COOH. OH. CM, NO2. NH2, Ci- 
10 alko;y. Cmo alkylamine, 02-12 diaikylamine. Cmq aDgrl-OCO., Cmo alkyl-O-CO- 
NH-, and Cuo alltyl-S-: 
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K is selected ftom the group consisting of halogen, Ci.xq alkyl. Cj.jo peifluoroalkyU 
Ci.io alkoxy, NO2. CN, OH. CO2H, amino, Ci.io alkylamino, C2.12 dialkylamino. Cp 
Cio acyU and Ci.io aDcoxy-CO-, and Ci.jq aDcyl-S-; 

AA is a side chain blocked or unblocked amino acid with the L configuration. D 
5 configuration, or no chira% at the p-carbon selected ftom the group consisting of alanine, 
valine, leucine, isolcucinc, proline, mediionine, metiiionine sulfoxide, phenylalanine, 
tiyptophan. glycine, serine, tiirebnine, cysteine, tyrosine, asparagine, glutaminc, asparric acid, 
glutamic acid, lysine, arginine, histidine, phenylglydne. beta-alaninc. norleucine. norvalinc, 
alpha-aminobuqmc acid, cpsilon-arainocaproicacid, citrulline, hydroxyproline, omidune, 
10 homoarginine, sarcosine, indoltne 2-carboxylic acid. 2-a2ctidinecarboxylic arid, pipecolinic 
acid (2.pipctidine carboxylic acid). O-metfaylscrinc. O^ylscrine, S-methylcysteine, S- 
cthylcysteine, S-benzylcysteinc, NH2-CH(CH2CHEt2)-CXX3H, alpha-aminoheptanoic add, 
NH2-CH(CH2-l-napthyl)<:OOa NH2-CH{CH2-2.napdiyl)-COOH. NH2-CH(CH2- 
cyclohexyD-COOH, NH2-CH(CH2-cyclopentyl)-COOH, NH2-CH(CH2-cyclobutyl)-COOH. 
15 NH2-CH(CH2-cyclopropyl)-COOH. trifluoroleucine, and hcxafluoroleucine: 

R3 and R4 are selected independently from the group consisting of H, C1.20 ^Ikyl. Cj, 
20 cyclized alkyl, Ci.20 alkyl with a phenyl group attached to the C1.20 alkyl. C1.20 cyclized 
alkyl with an attached phenyl group, C1.20 alkyl widi an attached phenyl group substituted 
with K, C1.20 alkyl with an attached phenyl group disubstituted witii K, C1.20 alkyl with an 
20 attached phenyl group trisubstituted witii K, Ci,20 cyclized alkyl witii an attached phenyl 
group substimtcd with K, Cj.iq aflcyl witii a moipholine [-N(CH2CH2)0] ring attached 
tiuough nitrogen to the alkyl, Cj.iq alkyl witii a pipcridine ring attached tiirough nitrogen to 
tiie alkyl, Ci.io alkyl witii a pyrrolidine ring attached tiirough nitrogen to tiic alkyl. C1.2O 
alkyl widi an OH group attached to tiie aflcyl, ^2CH20CH2CH20a Ci. 10 witii an attached 
25 4-pyridyl group. Cj.iq witii an attached 3-pyTidyl group. Ci.jq ^ attached 2-pyridyl 
group, Ci.io witii an attached cyclohexyl group. -NH-CH2CH2-(4.hydroxyphenyl), and - 
NH.CH2CH2-(3.indolyl), 

The novel class of peptide a-ketoamides also have tiie following strucmral formula: 
M1-AA-OO-NR3R4 
30 or a pharmaceutically acceptable salt, tK^erein 

Ml represents H, NH2-CO-, NH2-CS-. NH2-S02-, X-NH-CO-. X2N-CO-, 
X-NH-CS-, X2N-CS.. X-NH-SO2-. X2N.SO2-. X-CO-. X-CS-, X.SO2.. X.O-CO-, or X- 
O-CS-: 

X is selected fiom tiie group consisting of Cmq alkyl. Ci-io fluoroalkyl, Ci-io alkyl 
35 substimied witii J. Cmq fluoroalkyl substituted witii J, 1-admantyl, 9-fluorcnyl. phenyl, 
. phenyl substituted witii K, phenyl disubstituted witfi K. phenyl trisubstituted widi K. naphtiiyl 
naphtiiyl substimted witii K, naphtiiyl disubstituted witii K. naphtiiyl trisubstimted witii K, 
Ci-io alkyl witii an attached phenyl group. Ci-iO alkyl witii two attached phenyl groups. Ci- 
10 alkyl witii an attached phenyl group substimted witii K. Ci.io aflcyl with two attached 
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phcnyl groups substituted with K, Ci-io alkyl with an attached phenoxy group, and Cuo 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci. 
10 alkoxy, Ci-iO alkylamine, C2-12 dialkylamine, Cuo alkyl-OCO-, Ci-io alkyl-O-CO- 
5 NH.,andCnoalkyl-S-; • 

K is selected from the group omsisting of halogen, C i,iq alkyU Cj.iq perfluoioalkyl, 
Ci.io alkoxy, NO2, CN, OH. CO2H, amino, Ci.io alkylamino, C2-12 dialkylamino, Ci- 
CiQ acyi, and Ci.io alkoxy-CO-, and Ci.io attyl-S-: 

AA is a side chain blocked or unblocked amino acid wiA the L configuration, D 
10 configuradon, or no chitality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycme, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic acid, lysine, arginine, histidine, phenylglycine, bcta-alanine, norleucine, norvaline, 
alpha-aminobutyric acid, epsilon-aminocaproic acid, citniUine, hydrox3rproline, ornithine, 
15 homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azeddinecarboxylic acid, pipecolinic 
acid (2-piperidine caiboxylic acid). O-meihylscrinc, O-cthylscrine, S-methylcysteinc, S- 
cthylcysteine, S-bcnzylcysteine, NH2-CH(CH2CHEt2)-COOH. alpha-aminohcptanoic acid, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 
cyclohexyl)-COOH. NH2-CH(CH2-cyclopentyl)-COOH. NH2-CH(C3l2-cyclobutyl)-COOH, 
20 NH2-CH(CH2-cyclopr6pyl)-COOH, trifluoroleucine. and hexafluoroleucine; 

R3 and R4 arc selected independently from the group consisting of H, C1.20 alkyl, C^. 
20 cyclized alkyl, C1.20 alkyl with a phenyl group attached to the Ci,20 ^1-20 cyclizcd 
alkyl with an attached phenyl group, 0^.20 alkyl with an attached phenyl group substimted 
with K« C1.20 alkyl with an attached phenyl group disubstituted with K, Ci.20 alkyl with an 
25 attached phenyl group trisubstituted widi K, C1.20 cyclized alkyl with an attached phex^l 
group substituted with K, C^.to ^ morpholine [-N(CH2CH2X}] ring attached 

through nitrogen to the alkyl, C^.^q aDyl with a piperidine ring attached through nitrogen to 
the alkyl, C^.^q alkyl widi a pyrrolidine ring attached through nitrogen to the all^I. Ci.20 
alkyl witii an OH group attached to the alkyl, -CH2CH2OCH2CH2OH. Ci.io with an attached 
30 4-pyridyl group, C^.^o widi an attanned 3-pyridyl group, Cj.iq ^n attached 2-pyridyl 
group, Cj.io 2n attached cycloha^l group, -NH-C3l2CH2-(4-hydroxyphenyl), and - 
NH-CH2CH2-(3-indolyl). 

The novel class of peptide a-ketoacids have the following structural foixnula: 
Mi-AA-NH-CHR2-C0«K)H 
35 or a pharmaceutically acceptable salt, wherein 

Ml represents a NH2-CO-, NH2-CS-, NH2-SO2-; X-NH-CO-, X2N-CO.. 
X-NH-CS-. X2N-CS., X.NH-SO2-, X2N-SO2-, X-CO-, X-CS-, X-SO2-. X-0-CO-, or X- 
0-CS-; 
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X is selected from the group consisting of Ci-io alkyU Cmo fluoroalfcyl. Cmo alkyl 
substituted with J. Cuo fluoroaflcyl subsrituied with J. l-adnanqrl, 9-flttoienyl, phenyl, 
phenyl substituted with K, phenyl disubstituted witii K. phenyl trisubstitutcd with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K. naphthyl tiisubstituted with K, 

5 Ci-io alkyl with an attached phcnyji group, Ci-iO alkyl with two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substituted widi K, Cmo alkyl widx two attached 
phenyl groups substituted with K, Ci-io alkyl widi an attached phenoxy group, and Cmo 
alkyl witfi an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci- 

10 10 alkoxy. Cmo alkylamine. C2.12 diaBcyUunine, Cmo alkyl-O<:0-, Cmo alkyl-0<X>- 
NH-.andCi.ioalkyl-S-: 

K is sdected from the group consisting of halogen, Cmq aHiyl. Ci.ip perfluoroalkyl 
Cmo alkoxy. NO2, CN. OH. CO2H. amino. Cmq alkylamino. C2-12 dlallqrlamino. Ci- 
Cio acyl, and Cmo alkoxy-CO-. and Cmo alkyl-S-: 

15 AA is a side chain blocked or unblocked amino acid with the L configuration, b 

configuration, orno chiraUty at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine. glutamine. aspaitic acid, 
glutamic acid, lysine, arginine. histidine, phenylglycine. beta-alaninc. norlcudne. norvaline, 

20 alpha-aminobutyiic acid, cpsilon-aminoca^ic acid, dtrulline, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azeddinccarboxyUc acid, pipecolinic 
acid (2-piperidine carboxylic acid), 0-methylsctine. 0-ethylserine, S-methylcysteine, S- 
ethylcysteine. S-benzylcysteine. NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napd>yl).COOH. NH2-CH(CH2-2-napthylKOOH. NH2-CH(CH2- 

25 cyclohexyD-COOH. NH2^CH2-cyclopentyl)-COOH, NH2-CH{CH2-cyclobutyl)-COOH. 
NH2-CH(CH2-cycloptopyl)-COOH, trifluoroleucine, and hexafiuoroleucine; 

R2 represents C1.8 branched and unbranched allgrl, C^^ branched and unbranched 
cydized alkyU or Cj-g branched and unbranched fluoroaDcyl: 

Tie novd class of pq)iide a-kcioacids also have the foUowing structural famula: 

30 Mi-AAj-AAi-COOH 

or a phatmaceutically accqxable salt, wherein 

Ml represents H, NH2-CO-. NH2-CS-, NH2-SO2-. X-NH-CO-. XiN-CO-. 
X-NH-CS-, X2N-CS-. X-NH-SO2-, X2N-SO2-. X-CO-, X-CS-. X-SO2-. X-0<:0-, or X- 
0-CS-: 

35 X is selected from the group consisting ofCi-ioalkyU Cmo fluoroaftyl, Cmo alkyl 

sttbstimted with J, Cmo fluoroalkyl substimted with J. 1-admantyl, Q-fluorHiyl, phenyl, 
phenyl substimted with K. phenyl disubsdmted with K, phenyl trisubstiMted'with K. naphthyl, 
naphthyl subsdmtcd vrith K, naphthyl dististimted widi K. naphthyl trisubstimted with K. 
Cmo alkyl with an attached phenyl group, Cmo alkyl with two attached phenyl groups, Ci- 
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10 alkyl with an attached phenyl group substituted with K, and Ci-io alkyl with two attached 
phenyl groups subslimtcd with K. Ci-iO afiyl with an attached phcnoxy group, and Cmo 
alkyl with an attached phcnoxy gioup substimtcd with K on the phenoxy group: 

J is selected ftom the group consisting of halogen, COOa OH. CN. NO2. NH2. Ci- 

5 10 alkoxy. Ci-iO anyhmii«. Cz-U (fialkylaniine. Ci-io alkyl-OCO-. d-io alkyl-O^O- 
NH-.andCi.ioalkyl-S-; ^ ^ 

K is selected ftom the group cian^isting of halogen. Cmo alkyl, Cmq pcrfluoroalkyl, 
Ci.io alkoxy. NO2. C2i. Oa CO2H. annno. Cmo aIkylan1ino.C2.12 <Ha^ 
Cio acyl. and Cmo alkoxy-CO-, and Cuio alkyl-S-; 

10 AAiisasidechainblockedorunblockBdaniinoaddwiththeLconfiguration,D 
- configuration, orno chirality at the o-carbon selected ftom the group consisting of alanine, 
valine, leucine, isoleudne. proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, seiine. threonine, cysteine, tyrosine, asparagine. glutamine. aspartic acid, glutamic 
acid, lysine, arginine. histidine. phenylglycinc, beta-alanine. norleucine. norvaline. alpha- 

15 aminobuQ^c acid, epsilon-aminocaptoic add, citrulline,hydroxyproline,ornith^^^ 

homoarginine. sarcosine. indoline 2-carboxylic acid, 2-azctidinecarboxyKc add, pipccolinic 
add a-pipcridine carboxyUc acid). 0-methylserine. 0<thylscrine. S-raethylcystcine, S- 
ethylcysteinc. S-benzylcystcinc. NH2-CH(CH2CHEt2)-COOH. alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napdiyl)-COOH, NH2-CH(CH2-2-napdiyl)-COOH. NH2-CH(CH2- 

20 cyclohexyl)-COOH,NH2-CH(CH2-cyclopcntyl)-COOH.^ra2-CH(CH2K7clobutyO^ 
NH2-CH(CH2-cydopropylKOOH. trifluoroleucine, and hexafluoroleucine: 

AA2 is a side chain blocked or unblocked amino acid with the L configuration. D 
configuration, or no chirality at the a-carbon sdected ftom the group consisting of alanine, 
valine, leudne, isoleudne, proline, methionine, methionine sulfoxide, phenylalanine, 

25 tiypuiphan, glydne, serine, tiaeonine, cysteine, tyrosine, asparagine. glutamine, aspairic acid, 
glutamic add. lysine, arginine, histidine, phenylglycinc, beta-alanine. norleucine, norvaline, 
■ alpha-aminobutyric arid, cpsilon-aminocaproic add, citruUine, hydroxyproline, ornithine, 
homoarginine, sarcosine. indoline 2-carboxylic add. l-azctidinecarboxylic acid, pipccolinic 
add (2-pq>eridine carboxylic add). O-methylserine. O^diylsetine. S-methylcystdnc, S- 

30 etiiylcysteine. S-benzykystdne, NH2-CH(CH2CEffit2)-COOH, alpha-aminoheptanoic add, 
NH-j-CHCCHz-l-napthyD-COOH. NH2-CH(CH2-2-naptityl)-COOH. NH2-CHCCH2- 
cydohexyD-COOH. NH2-CH(CH2-cydopentylKOOH, NH2-a«CH2-cydobutyl)-COOH, 
NH'j-CH(CH2-<grclopropyl)-COOH, trifluoroleucine, and hexafluoroleucine; 

The novd class of peptide a-fcetMcids also have the foUowing structural formula: 

35 Mi-AA-AA-AA-COOH 

or a pharmaceutically accq)table salt, wherein 

Ml represents a 1«I2-C0-. NH2-CS-. NH2-SO2-. X-NH-CO-, X2N-CO-. 

X-NH-CS-. X2N-CS-. X-NH-SO2-, X2N-SO2-. X-CO-. X-CS-. X-SO2-. X-0-CO-. or X- 

0-CS-: 
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X is selected from the group consisting of Ci-io alkyl Ci-io fluoroalkyl. Ci-io alkyl 
substituted with J, Cmo fluoroalkyl subsdtuted with J, l-admantyl, 9-fluorcnyl, phenyl, 
phenyl subsdtuted widi K, phenyl disubsdtuted with K« phenyl trisubsdmted widi K, naphthyl, 
naphthyl subsdmted widi K, naphdiyl disubsdtuted with K, naphthyl trisubsdtuted widi K, 
Ci-io alkyl with an attached phenyl group, Ci-iO all^l with two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group subsdtuted with K, and Ci-io alkyl widi two attached 
phenyl groups subsdmted widi K, Ci.^o aO^i widi an attached phenoxy group, and Ci-io 
alkyl widi an attached phcnoxy group substituted widi K on the phenoxy group; 

J is selected from die group consisting of halogen, CCX3H, OH, CN, NO2, NH2» Ci- 
10 alkoxy, Ci-iQ alkylaminc, €2-12 dialkyiamine. Cmo alkyl-O-CO-. Cmo aDcyl-O-CO- 
NH-, and Cmo allcyl-S--. 

K is selected from die group consisting of halogen, Cmo ^UIO pcrfluoroalkyl, 
Cmo alkoxy, NO2, CN, OH, CO2H, amino, Ci.iq alkylamino, C2.12 dialkylamino, Ci* 
Cio acyl. and Ci.io alkoxy-CO-, and Cmq aDcyl-S-; 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic acid, lysine, arginine, histidine, phenylglycine, beta-alanine, norleucine, norvalinc, 
20 alpha-aminobutyric acid, epsilon-aminocaproic acid, citrulline, hydroxyproline, ornithine, 
homoaxginine, sarcosine, indoline 2-carboxylic acid, 2-azetidinecarfooxyUc acid, pipecolinic 
acid (2-piperidinc carboxylic acid), O-mediylserine, O-ethylscrinc, S-mcthylcysteine, S- 
ediylcysteine. S-bcnzylcysteine, NH2-CH(CH2CHEt2hCOOH, alpha-aminoheptanoic acii 
NH2-CH(CH2-l-napdiyl).COOH, NH2-CH(CH2-2-napdiyl)-COOH, NH2-CH(CH2- 
cyclohexyD-COOH, NH2-CH(CH2-cyclopcntyl)-COOH. NH2-CH(CH2-cyclobutyl)-COOH 
NH2-CH(CH2-cyclopropyl>^COOH, trifiuoroleucinc, and hexafluoroleucine: 

Hie novel class of peptide a-ketoadds also have the following structural formula: 
Mi-AA-AA-AA-AA<X>OH 
or a phannaceutically acceptable salt, wherein 

Ml represents H, NH2-CO., NH2-CS-, NH2-SO2-. X-NH-CO-. X2N-CO-, 
X-NH-CS-, X2N-CS-, X-NH.SO2-. X2N.S02-, Yi^O-, X^-, X-SO2-. X-O-CO-. or X- 
0-CS-: 

X is selected from die group consisting of Cmo Cmo fluoroalkyl, Cmo alkyl 
substimted widi J, Cmo fluoroalkyl substituted widi J, l-admantyl, 9-nuorcnyl, phenyl, 
phenyl substituted widi K. phenyl disubsdtuted widi K, phenyl trisubstimted widi K, naphdiyU 
naphdiyl substimted widi K, naphthyl disubstimted with K, naphthyl trisubstimted widi K, 
Cmo alkyl widi an attached phenyl group, Cmo alkyl widi two attached phenyl groups, Ci- 
10 alkyl widi an attached phenyl group substimted widi K, and Ci-io alkyl widi two attached 
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phenvl gtoops substituted with K, Ci-lO alkyl with an attached phenoxy gioup, andCMO 
alkyl with an attached phcnoxy group substituted with K on the phenoxy groujn 

Y, is selected ftom the group consisting of C2-IO alkyU Cmo fluoroalkyl. Cuo 
ai]cvlsubk.edwithJ,Ci.iOfl«onxdl^l»bstitutedwithJ.l-adn«n^ 
5 ph«ylsubstit«tedwithK,phenyldisubstimtedwithK.phenyl^us.^^^^^ 
substituted with K. naph^yl disubstitutcd widi K. naphthyl m 
Ciioalkyi with an a«tachedphenyIgropp.Ci.ioaIkyl with two 
loXl^thanattachedphcnylgroupsubsdtuted^^ 

phenyl groups substituted with K; ,.T-n^ xttt^ 

0 '?^Ltedftomthegro«pconsistingofhalogcn.COOH.OH.a^.NC^N^^^^ 

10alkoxy.Ci-ioalkylanunc.C2-12clialkylanrine,Ci^^ 

NH-, and C 1.10 alkyl-S-; ^,11 
K is selected from the group consisting of halogen, Cmo alkyU Cmo pcrfluoroallcyl. 
■ Cmo altoxy. NO2. CN. Oa CO2H, anuno. Cuo alkylanuno. Cm2 dialkylanuno, Ci- 
5 CioacyLandCi.ioalkoxy-CO-.andCi.ioaJkyl-S-: r . ■ 

AAisaside chain blocted or unbiockcdaniino acid with thcLconfiguranon.D 

configuration, or no chindity at the a-carbo:: selected from the group consisting of alanme. 
valine,lcucine.isolcudne.proUne..nethionine.n«thioninesulfoxide.ph«^^^ 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutanune. asparuc acid. 
.0 gllnicadd.lysine.arginine.histidine.phenylglycin^beta.alanm^ 

alpha-anunobutyric add. epsilon-aminocaproic acid, citrulline. hydroxyproline. onuthme. 
homoarginine. saxcosine. indoline 2K:arboxylic acid. 2-azeddinecarboxylic acid, pipecohmc 
add C2-piperidine carboxylic acid). O-methylseiine. O^diylscrine. S-mediylcysteme. S- 
ethylcystdne. S-benzylcystrine. NH2-CH(CH2CHEt2KOOH. alpha-aminohe^^^ 

5 NH.-CH(CH2-l-«apthyl)-COOH.NH2<2I(CH2-2-napdtyl)-COOa 

cyd'ohexyD-COOa NHj-CHCCHi^lopentylKOOH. NH2-CH(CH2-cyclobutylHX)OH. 
NH-7-CH(CH2-cycIopropyl)-COOH. irifluoroleucine. and hexafluoroleucinc; 

' Thenovddassofpcptidea-?cctDaddsalsohavethcfoltewingstructuidfon^ 

Mi-AA-COOH 

D oraphannaccutically acceptable salt; wherein 

Ml represents a NH2-CO-.NH2-CS-.NH2-SO2-.X-NH-CO-.X2N-CO. 

X-NH-CS-. X2N-CS-. X-NH-SO2-. XjN-SO^. Y2-CO-. X-CS-. X-SO2-. X-0-CO-. or X- 

OCS-' 

'xissdectedfiomdiegroupconsistingofCi.ioalkyl.Ci.iOfluoioaIiyUCwOaIkyl 
5 substitutedwidiJ,Ci.l0fluoroalkylsubstitutedwidiJ.l-adrnantyl.9-fluorenyUph^^^^ 
phenyl substituted withK, phenyl disubstitutcd with K.phenyltrisubstitutcdwithR^^ 
naphthyl substituted with K. naphthyldisubsrituted widi K, naphthyl trisubstitu^ 
Ci loalkyl with an attadied phenyl group.Ci.ioaIlqrlwiti.twoattadied phenyl gtoups^ 
10alkylwidianattadiedphenylgro«psubstitutedwithK.andCi.ioalkylwithtwoa^^^ 
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phenyl groups substituted with Cmo alkyl with an attached phenoxy group, and Cmo 
dlkyl with an attached phenoxy group substimted with K on the phenoxy group; 

Y2 is selected firom the group consisting of Ci-io alkyl, Ci-io fluoroalkyU Ci-io 
alkyl substituted with J» Ci-iO fluoroalkyl substituted with J, l-admantyl, 9-fluorcnyl, phenyl 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted widi K« naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubsdmted widi K« 
Ci-iO alkyl with an attached phenyl gkoup, Ci-lO alkyl with two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substituted with K, and Ci-io alkyl with two attached 
phenyl groups substimted with K; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci- 
10 alkoxy. Cmo alkylamine, 02-12 dialkylaininc, Cmo alkyl-aCO-. Cmo aIkyl-0<:0- 
NH-, and Ci.io alkyl-S-: 

K is selected firom the group ccmsisting of halogen, Cmo ^mo pcrfluoroalkyl. 
Ci.io alkoxy, NO2, CN. OH, CO2H. amino, Ci.io alkylamino, C2-12 dialkylamino, Ci- 
Cio acyl, and Ci.io alkoxy-CO-, and Ci.io alkyl-S-; 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
20 glutamic acid, lysine, arginine, histidine, phenylglycine, beta-alanine, noileucine, norvaline, 
alpha-aminobutyric acid, epsilon-aminocaproic acid, citrulline, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic acid, 2-a2etidinecarboxylic acid, pipecolinic 
acid (2-pipcridine carboxylic acid), O-methylserinc, O-cthylserine, S-methylcysteine, S- 
ethylcysteine, S-bcnzylcysteine, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, 
; NH2-CH(CH2-l-napthyl)-COOH. NH2-CH(CH2-2-napdiyl)-COOH, NH2-CH(CH2- 

cyclohcxyD-COOH. NH2-CH(CH2-cyclopcntyl)-COOH, NH2-CH(CH2-cyclobutyl)-COOH, 
NH2-CH(CH2-cyclopropyl)-COOH, trifluoroleucinc, and hexafluorolcucine; 

Tlie novel class of peptide a-ketoesters have the following structural formula: 
Mi-AA2-AAi<XW>Rl 
) or a pharmaceutically acceptable salt, wherein 

Ml represents H, NH2-CO., NH2-CS-, NH2-SO2-. X-NH-CO-, X2N-CO-. 
X-NH-CS-, X2N-CS-. X.NH-SO2-, X2N-SO2-. X-CO-, X-CS-. X-SO2-. X-0-CO-, or X- 

X is selected ftom die group consisting of Cmo alkyl, Cmo fluoroalkyl, Cmo alkyl 
> substimted with J, Cmo fluoroalkyl substimted witfi J, l-admantyU 9-fluorenyl, phenyl, 
phenyl substimted widi K, phenyl disubstimted with K, phenyl trisubstimted witfi K, naphtiiyl, 
naphthyl substimted with K, naphthyl disubstimted with K, naphdiyl trisubstituted widi K, 
Cmo alkyl witfi an attached phenyl group, Cmo alkyl witii two attached phenyl groups, Ci. 
10 alkyl witii an attached phenyl gn)ap substimted with K, and Cmo alkyl with two att^ 
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phcnyl groups substituted with K. Ci-io alkyl with an attached phenoxy group, and Ci-io 
ally 1 widi an attached phenoxy group subsrimted with K on die phenoxy group; 

J is selected from Ac group consisting of halogen, COOH. OH, CN, NO2. NH2. Ci- 
10 alkoxy, Ci-io alkylamine. C2-12 dialkylaminc. Cuo aflcyl-CKrO-. d-io alkyl-OCO- 

NH-, and Ci-io allq'l-S-: 

K is selected from the group consisting of halogen. Cuo alkyl. Cj.io pctfluoroalkyl, 
Ci.io alkoxy, NO2. CN. OH. CO2H. anjino, Cuo alkylamino. C2.12 dialkylamino, Ci- 
Cio acyl, andCi.io alkoxy-CO-. andCi.io alkyl-S-: 

AAi is a side cAain blodod or unblocked amino acid with the L configuration, D 
) configuration, or no chiraKty at the a<arbon selected from die group consisting of alanine, 
valine, leucine, isoleudne, proline, meduonine, methionine sulfoxide, phenyl^^ 
tryptophan, serine, threonine, cysteine, tyrosine, asparagine, glutaminc, aspartic add, glutamic 
add, lysine, arginine, histidine, phenylglydne, beta-alanine, norleucine, norvaline, alpha- 
aminobutyric acid, epsUon-aminocaproic add, dtrulline, hydroxypioline, omithmc, 
■ : homoarginine. sarcosine, indoline 2-carboxyIic add. 2-azetidinccaiboxylic add, pipccolinic 
acid (2-piperidinc carboxylic add). O-methylscrine, O^tiiylscrinc S-mcthylcystcinc. S- 
ediylcysieine. S-benzylcysteine, NH2-CH(CH2CHEt2)-COOH. alpha-aminohcptanoic add, 
NH2-CH(CH2-l-napthyl)-COOH. NH2-CH(CH2-2-napdiyl)-COOH, NH2-CH(CH2- 
cyclohexyD-COOa NH2-CH(CH2-cydopcntyl)-COOH, NH2-CH(CH2-cyclobutyl)-COOH, 
20 NH2-CH(CH2-cyclopropyl)-COOH,trifluoroleucine,andhexafltton>leucine: 

AA2 is a side chain blocked or unblocked amino acid widi the L configuraticMi. D 
configuration, or no chirality at die a-carbon selected from die group consisting of leucine, 
isolcucine, proline, mediionine, methionine sulfoxide, phenylalanine, tryptophan, glycine, 
serine, dirconine, c^ieine. Qrosine. aspars^ine, glutamine, aspartic acid, glutamic acid, lysine, 
) arginine, histidine, phenylglycine, beta-alanine, norieucinc, nonraline, alpha-aminobuQrric acid, 
cpsilon-aminocaproic add. dtrulline. hydroxyproline, omidune, homoarginine. sarcosine. 
indoline 2-carbo;^Iic acid, 2-a2etidinecarboxyIic add. pipecolinic add (2-piperidine carboxyUc 
add). O-mediylserine, O-ediylserine. S-mediylqrstdne. S-ediylcystdne, S-ben^Iqrstdne. 
NH2-CH(CH2CHEt2)-COOH. alpha-aminoheptanoic acid, NH2-CH(CH2-l-napdiyI)-COOH, 
) NH2-CH(CH2-2-napdiyl).aX)H.NH2-CH(CH2<ydohcxyl)-COOH.NH2<H(CH2- 

cyclopeniyD-COOH, NH2-CH(CH2-cydobuiyl)-COOH. NH2-CH(CH2-cyclopropyl)-COOH. 

trifluoroleudne. arul hexafluoroleucine: 

Rl is selected from dte group consisting of H, C1.20 alkyl, Ci.20 attyl widi a phenyl 

group attached to die C1.20 allgrl. and C1.20 all^I wi* an attached phenyl group substituted 

5 widiK. 

The novel class of pq)tide a-kctoesters also have die following structural formula: 
M1-AA-NH-CHR2-C0-C0O-R 
or a pharmacoiticaUy acceptable salt, wherem 
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Mi represents H, NH2-CO-. »NH2-CS-. NH2-SO2-. X-NH-CO-. X-jN-CO-. 
X-NH-CS-. X2N-CS-. X-NH-SO2-. X2N-SO2-. X-CO-. X-CS-. X-SO^-. X-O-CO- or X- 
0-CS-: 

X is selected from the group coasistiag of Cmq alkyl. Cmq fluoioalkyl. Cmq alfcyl 
5 substituted with J, Ci-io fluoroalkyl subsdnited with J. l-admamyl, 9.fluorenyl, phenyl, 
phenyl substituted with K. phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl. 
naphthyl substituted with K. naphthyl disubstituted with K, naphdiyl trisubstituted with K. 
Cmo aDcyl with an attached phenyl group, Ci-io alkyl with two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substioited with K, and Ci-io alkyl witfi two attached 
10 phenyl groups substituted with K, Ci-io alkyl widi an attached phenoxy group, and Cmq 
alkyl widi an attadied phenoxy group substituted with K on the phenoxy group; 

J is selected ftom the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci- 
10 alkojqr, Ci-io alkylamine, C2-12 dialkylamine. Cmq alkyl-OCO-, Cmq aflcyl-O-CO- 
NH-.andCi.ioalkyl-S-; 

15 Kis selected from the group consisting of halogen. Cj.ioalkyl. Ci.ioP«fluoroalkyI, 

Ci.io alkoxy, NO2. CN, OH. CO2H. amino, Cmq aflcylamino. C2.12 dialkylamino, Ci- 
Cio acyl, and Cj.iq alkoxy-CO-, and Cj.io allqrI-S-: 

AA is a side chain blocked or unblocked amino acid widi the L configuration, D 
configuration, or no chirality at the a-carbon selected fiom ihe group consisting of alanine, 

10 valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 

tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine. glutamine. aspartic acid, 
glutamic acid, lysine, arginine. histidine, phenylglycine. beta-alanine, norleucine. noivaline. 
alpha-aminobutyric acid, epsilon-aminocaproic acid, citrulline. hydroxyproline. ornithine, 
homoarginine. sarcosine, indoline 2-carboxyIic acid, 2.azetidinecarboxyUc acid, pipecolinic 

5 acid (2-pipeiidinccarboxyUc acid). amethyIserine.O-ethyIscrine,S-methylcystcinc, 

cihylcysteine, S-benzylcysteine. NH2.CH(CH2CHEt2K:OOH. alpha-aminohcptanoic acid. 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl).COOH, NH2-CH(CH2- 
cydohexyD-COGH, NH2-CH(CH2-cyclopcn^D.COOH. NH2-CH(CH2-cyclobutyl)-COOH, 
NH2-C3I(CH2-cyclopropyl)-COOH, tiifiuoroleucinc and hexaHuoroleucine: 

0 R2 represents Cj-g branched and unbranched alkyl, Cj^ branched and unbranched 

cyclized alkyl, or Ci.g branched and unbrancbed fluoroalkyl: 

R is selected ftom die group consisting of H, C1.20 alkyl, C1.20 alkyl widt a phenyl . 
group attached to the C1.20 aflcyU and C1.20 alkyl with an attached phenyl group substituted 
with K. 

> Tlic novel class ofpcptidca-fcctoestcrs also have fltefoUowing structural formula: 

M3-AA-AA-AA.C0-0-R 

or a phaimaceutically acceptable salt, wherein 
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M3 represents H, NH2-CO-, NH2-CS., NH2-S02-. X-NH-CO-. X2N-CO-. 
X-NH-CS., X2N-CS-, X-NH.SO2-, X2N.SO2-. X-CO, X-CS-, X^02-. TO-CO, or X- 
0-CSs 

X is selected from the group consisting of Ci-io alkyl, Ci-io fluoroalkyi, Ci-io aftyl 
5 substituted with J, Ci-io fluoroalkyi substituted with J, l-admantyl, 9-fluorenyl, phenyl. 

phenyl substituted with K, phenyl disubsdtuted with K, phenyl trisubsdtuted with naphthyl, 
naphthyl substituted with K, naphtfayl disubsdtuted widi K, naphthyl tzisubsdtuted with 
Ci-10 alfcyl with an ^*^rhf^ phenyl group, Ci-io aDcyl with two a ttac hed phenyl groups, Ci- 
10 alkyl with an attached phenyl groiip substituted with K, and Ci-io alkyl with two attached 

10 phenyl groups substituted with K. CiliO alltyl with an attached phenoxy group, and Ci-io 
alkyl with an attached phenoxy group substitut6d widi K on the phenoxy group; 

T is selected from the group consisting of Cmq alkyl, Cuo fluoroalkyi, Ci-io alkyl 
substituted with J. Ci-io fluoroallqrl substituted widi J, l-admantyl, 9-fluorcnyl, phenyl, 
phenyl substituted with K, phenyl disubstitutcd with K, phenyl trisubstituted with naphthyl, 

15 naphthyl substituted with K, naphthyl disubstitutcd with K, naphtiiyl trisubstituted with K, 
C2-10 ^1 witii an attached phenyl group, Ci-io alkyl widi two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substituted with K, and Ci-iQ alkyl with two attached 
phenyl groups substituted widi K; 

J is selected from die group consisting of halogen, COOH, OH, CN. NO2, NH2, Ci- 

20 10 alkoxy, Ci-io alkylamine, 02-12 dialkylaminc, CuO alkyl-O-CO-. Cmo aDcyl-O-CO- 
NH-, and Ci.io alkyl-Ss 

K is selected from the group consisting of halogen, Cj.io alkyl. Ci-io perfluoroalkyl 
Ci.io alkoxy. NO2, CN. OH. CO2H, amino, Ci.io alkylanuno, C2.12 dialkylaminc. Ci- 
Cio acyl, and Ci.io alkoxy-CO-. and Ci.io allgrl-S-; 

25 AA is a side chain blocked or unblocked amino acid with the L configuration. D 

configuration, or no chiiali^ at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, Qncosine, asparagine, glutamine, aspartic acid, 
glutamic acid, lysine, arginine, histidine, phenylglydne, beta-alanine, norieucine, norvaline, 

30 alpha-aminobutyric acid, epsilon-aminocaproic add, citniUine, hydroxyproline, ornithine, 
homoarginine. sarcosine, indoline 2-cazboxylic add. 2-azetidinecarboxyIic acid, pipecolinic 
add (2-piperidine carboxylic add), O-methylserine. O-ethylserine, S-mediyl^teine, S- 
ediylcysteine, S-ben^lcysteine, NH2-CHfCH2CHEt2)-COOH. alpha-aminoheptanoic add, 
NH2-CH(CH2-l-naptiiyl)-COOH, NH2-CH(CH2-2-napdiyl)-COOH, NH2-CH(CH2- 
35 cydohcxyl)<;OOH,NH2-CHCCH2<ycIopentyl)<:OOaNH2^^ 

NH2'^CCH2-cyclopropyl)-COOH. trifluoroleucine. and hexafluoroleucine; 

R is selected from die group consisting of H, C2.20 C l-20 ^ ^ phenyl 
group attached to the C1.20 alkyl, andCi.20 ^ attached phenyl group substituted 

widiK. - 
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The novel class of peptide a-ketoestcrs also have the following stnictural formula: 
M3-AA-AA.NH<HR2-CO-CO-0-R 
or a pbamiaceutically acceptable salt, wherein 

M3 represents a NH24X>-, ra2-CS., NH2-SO2-. X-NH-CO-. X2N<:^ 
5 X-NH^CS.. X2N.CS-. X.NH-SO2-. X2N.SO2-. X<:0.. X-CS.. X.S02-, T-O-CO-. or X- 
0-CSs 

X is selected from the group copsisting of Cmq alkyl, Cmq fluoroalkyi, Cmq alkyl 
substituted with J, Cmq fluoroalkyi substituted with J, l-admantyl, 9-fluorcnyI. phenyl, 
phenyl substituted with phenyl disubstituted witfi K, phenyl tiisubstitutcd with naphthyl. 
10 naphthyl substituted widi K, naphthyl disubstituted with K. naphthyl trisubstituted with K, 
Ci.io aDcyl with an attached phenyl group, Ci-io* aUcyl with two attached phenyl groups, Ci. 
10 alkyl with an attached phenyl group substituted with.K. and Cmq alkyl with two attached 
phenyl groups substituted with Cmo alkyl with an attached phenoxy group, and Cmq 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 
15 T is selected from the group consisting of Cmo alkyl. Ci.io fluoroalkyi, Ci-io alkyl 

substituted with J, Cmo fluoroalkyi substituted with J, 1-admantyl, 9-fluorcnyl, phenyl, 
phenyl substituted with K, phenyl disubstituted with K. phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K. naphthyl disubstituted with K. naphthyl trisubstituted with K. 
C2-10 alkyl with an attached phenyl group, Cmo alkyl with two attached phenyl groups, Ci- 
20 10 alkyl with an attached phenyl group substituted with K. and Cmo alkyl with two attached 
phenyl groups substituted with K; 

J is selected from the group consisting of halogen. COOH, OH. CN. NO2. NH2, Ci- 
10 alkoxy. Cmo alkylaminc, Cmo dialkylamine. Cmq alkylO-CO-, Cmo alkyl-O-CO- 
NH-.andCi,ioalkyl-S-: 
25 K is selected from the group consisting of halogen. Ci.io alkyl, Ci.jo pcrfluoroalkyl, 

Ci.io alkoxy, NO2. CN. OH, CO2H. amino. Ci.jo alkylamino, C2.12 diaDcylamino, Cj- 
Cio acyl, andCi.io alfcoxy-CO-, and Cmq alkyl-Ss 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirality at the a-carbon selected finom the group consisting of alanine, 
30 valine, leucine, isoleucine. proline, methionine, methionine sulfoxide, phenylalanine, 

tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine. glutamine, asparric acid, 
glutamic acid, lysine, arginine, histidine, phenylglycine. beia-alanine. norieucine, norvaline. 
alpha-aminobuQfric acid, cpsilon-aminocaproic acid, citruUine, bydroxyproline, ornithine, 
homoarginine. sarcosine, indoline 2-carboxylic adi 2-azetidinecarboxylic .acid, pipecolinic 
35 acid (2-piperidine carboxylic acid), O-methylserine. O-ethylserine, S-mcthylcystcinc, S- 
ediylcysteine, S-benzylcysteine, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid. 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2.napthyl)-COOH, NH2-CH(CH2- 
cyclohexylKOOH, NH2-CH(CH2-cyclopcntyl)-COOa NH2-CH(CH2-cyclobutyl)-COOH. 
NH2-CH(CH2-cyclopn)Ryl)-COOH, trifluoroleucine, andhexafluoroleucine; 
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R2 represents Ci.g branched and unbranched alkyU Ci.g branched and unbranchcd 
cydizcd alkyl, or Ci.8 branched and unbranched fluoroalkyl; 

R is selected from the group consisting of H, C1.20 a^l* C 1.2O ^1 with a phenyl 
- group attached to the C1.20 alkyU and C1.2O alkyl with an attached phenyl group substituted 
5 withK. 

The novel class of pepddc a-ketoesttrs also have the following structural formula: 
M3-AA4-AA-AA.AA-CCKHR 
or a pharmaccutically accq)tablc salt, wherein 

M3 represents H, NH2-CO.. NH2-CS.. NH2-SO2-. X-h^^ 
10 X-NH-CS-. X2N.CS-. X-NH.SO2-. X2N-SO2-. X-CO-. X-CS-. X-SO2-. T-0-CO-. or X- 
O-CS.; 

X is selected from the group consisting of Ci-io allyl, Ci-io fluoroalkyU Cuo allqrl 
substituted with J, Cuo fluoroalkyl substituted with J, l-admantyU 9-fluorenyl, phenyl, 
phenyl substituted with K. phenyl disubstituted widi K. phenyl trisubstituted with K. naphthyl. 

15 naphthyl substituted with K. naphthyl disubstituted with K. naphthyl trisubstituted with K. 
Ci-10 alkyl witii an attached phenyl group, Ci-io alkyl witii two attached phenyl groups, Ci. 
10 alkyl with an attached phenyl group subsrimted with K, and Ci-io alkyl with two attached 
phenyl groups substituted with K, Ci-iO alkyl with an attached phenoxy group, and Cmo 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

20 T is selected from the group consisting of Cmo alkyl. Ci-io fluoroalkyl, Cmo alkyl 

substituted with J, Cmo fluoroalkyl substituted with J, l-admantyU 9-nuorcnyl, phenyl, 
phenyl substituted witii K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted witii K, naphthyl trisubstituted with K, 
C2-10 alkyl witii an attached phenyl group, Cmo aDcyl witfi two attached phenyl groups, Ci- 

25 10 allqrl with an attached phenyl group substituted witii K, and Cmo alkyl with two attached 
phenyl groups substituted with K; 

J is selected from the group consisting of halogen. COOH, OH, CN, N02r NH2, Ci- 
10 alkoxy, Cmo alkylamine. C2-12 diallgrlamine. Ci-io alkyl-O-CO-. Cmo alkyl-OCO- 
NH-, and Ci.io alkyl-S-; 

30 K is selected from tiie group consisting of halogen. Ci-io aDcyl. Ci.io pcrfluoroanyl. 

Ci.io alkoxy. NO2. CN, OH, CO2H. amino. Ci.io alkylanuno, C2.12 dialkylamino, Ci- 
Cio acyl. and Ci.iq alko;^-CO-, and Ci.io alkyl-S-: 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirality at tiie a-carbon selected from dicgroup consisting of alanine. 

35 . valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 

tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic arid, 
glutamic acid, lysine, arginine, histidine, phenylglycinc, beta-alanine. norieucine, norvaline, 
alpha-aminobutyric acid, epsilon-aminocaproic acid, cttriiUine, faydroxyproline, omidiine, 
homoarginiac sarcosinc, tndolinc 2-carboxylic acid, 2 - azetidinecarfaoxylic add, pipccolinic 
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acid (2-pipcridme carboxylic acid), 0-mcthylscrinc O-cdiykcrinc. S-mcthylcysicinc S- 
ethylcystrine, S-bcnaylcysteinc, NH2-CH(CH2CHEl2)-CXX)H, alpha-aminohcptanoic acid, 
NH2-CH(CH2-l-napthyl)-COOIi NH2-CH(CH2-2.napthyl).COOH, NH2-CH(CH2- 
cyclohcxyD-CCXDH, NH2-CH{CH2-cycIopentyl).COOH. NH2-CH(CH2-cyclobutyI^COOH, 
5 NH2-CH(CH2-cyclopropyl)-C(X)H, trifluorolcucine, and hcxafluorolcucine;; 

AA4 is a side chain blocked or unblocked amino acid widi the Lconfiguiation« D 
configuradon, or no chiiali^ at the a-catbon selected from die group consisting of leucine, 
isoleucine, methionine, methionine sulfoxide, phenylalanine, tryptophan, glycine, serine, 
threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, glutamic acid, lysine, 

10 arginine, hisddine, phenylglydne, bcta-alanine, norieucine, norvaline, alpha-aminobu^rxic acid, 
cpsilon-aminocaproic acid, citrulline, hydxoxyproline, ornithine, homoar^inine, saxcosine, 
indoiine 2-carboxylic acid, 2-azeddinecaibo37lic acid, pipecolinic add (2-piperidine carboxylic 
acid), 0-methylserine, O-ethylscrinc, S-methylcysteine, S-ethylcysteine, S-benzylcysteine, 
NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, NH2-CH(CH2-l-napthyl)-COOH, 

15 NH2-CH(CH2-2-napthyl).CCX)H, NH2-CH(CH2-cyclohcxyl)-COOH, NH2-CH(CH2- 

cyclopcntyD-COOH, NH2-CH(CH2-cyclobutyiKOOH, NH2-CH(CH2-cyclopropyl)-COOH, 
trifluoroleucine, and hexafluoroleucine: 

R is selected from die group consisting of H, C1-20 alkyl. C1.20 alkyi with a phenyl 
group attached to the C1.20 ^uid C1.20 alkyl with an attached phenyl group substituted 

20 withK, 

The novel class of peptide a-ketoesten also have the following structural formula: 
Mi-AA-CO-OR 
or a phannaccutically acceptable salt, wharin 

Mi represents H, NH2-CO-, NH2-CS-, NH2-SO2-. X-NH-CO-, X2N-CO-, 
25 X-NH-CS-. X2N.CS-, X.NH.SO2-, X2N-SO2-, Y-CO-, X-CS-. X-SO2-. X-O-CO. or X- 
0-CS-: 

X is selected fiom die group consisting of Ci-io alkyl. Ci.io fluoroalkyl. Cmq alkyl 
substimted widi J, Ci-io fluoroalkyl substituted widi J, l-admantyl, 9-fluorcnyl, phenyl, 
phenyl substituted witii K, phenyl disubstituted widi K. phenyl trisubstituted widi K, naphdiyl, 

30 naphdiyl substituted with K, naphthyl disubstituted widi K, naphthyl trisubstituted widi K, 
C i-io alkyl widi an attached phenyl group, Cmq alkyl widi two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substimted widi K, and Ci.io all^l widi two att^ 
phenyl groups substimted widi K, Ci- 10 alkyl widi an attached phenoxy group, and Cmq 
alkyl widi an attached phenoxy group, substituted with K on die phenoxy group; 

35 Y is selected from die group consisting of C6-10 alkyl, Ci^io fluoroalkyl, Cmq alkyl 

substimted widi J, Ci-io fluoroalkyl substimted widi L 1-admantyl. 9-fluorenyl, phenyl 
substimted widi K, phenyl disubstituted widi K, phenyl trisubstituted widi K, ndphdiyl, 
naphdiyl substimted with K. naphthyl disubstimted widi K, n^hthyl trisubstimted with K, Ci- 
10 alkyl widi an attached phenyl group, Cr-lO alkyl widi two attached phenyl groups, Ci.io 
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alkyl with an attached phenyl group substituted with K, and C i. iQ alkyl with two attached 
phenyl groups substituted with K: 

J is selected from the group consisting of halogen, CCX)H, OH, CN, NO2, NH2, Ci. 
10 alkoxy, Ci-io alkylamine, 02-12 diaDcylamine, Ci-io alkyl-O-CO-. Ci^io alkyl-O-CO- 
5 NH-,andCi.ioalkyl-S-; 

K is selected from the group consisting of halogen, Cj.io aDcyl, Ci.iq perfluoroalkyl. 
Ci.io aDcoxy, NO2, CN, OH, CO2H, amSno, Ci.jq alkylamino, C2-12 dialkylamino, Cj- 
Cio acyL 2nd Ci.jo alkoxy-CO-, and Ci.io al^^I-Ss 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 
10 configuradon, or no chirality at the a-caiton selected from the group consisting of alanine, 
valine, leucine, isoleudne, pioline, mediionine, xnethionine sulfoxide, phei^lalanine, 
tryptophan, glycine, sexine, threonine, cysteine, Qrosine, asparagine, glutamine, aspartic add, 
glutamic acid, lysine, arginine, histidine, phenylglycine, beta-alanine, noileucine, norvaline, 
alpha*aminobutyric acid, epsilon-aminocaproic acid, citruUine, hydtoxyproline, ornithine, 
15 homoaiginine, sarcosine, indoline 2-caiboxylic acid, 2-azeddinecarboxylic add, pipecolinic 
acid (2-pipcridinc carboxylic acid), 0-methylserine, O-cthylserine, S-methylcysteine, S- 
crfiylcysteine, S-bcnzylcysteinc, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid. 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 
cyclohexyD-COOH, NH2-CHCCH2-cyclopcntyl)-COOH, NH2-CH(CH2-cyclobutyl).COOH. 
20 NH2-CH{CH2-cyclopropyl)-COOH, trifluoroleucinc, and hcxafluorolcuctne; 

R is selected from the group consisting of H. C1.20 a^l» Ci-20 ^Ikyl with a phenyl 
group attached to the C1.20 alkyl, and C1.20 alkyl with an attached phenyl group substituted 
withK. 

The following compounds are representatives of the invention: 
25 Z-Leu-Phc-CONH-Et 
Z-Leu-Phe-CONH-nPr 
Z-Leu-Phe-CONH-nBu 
Z-Leu-Phe-CONH-iBu - 
Z-Leu-Phc-CONH-Bzl 
30 Z-Leu-Phe-CONH-(CH2)2Ph 
Z-Leu-Abu-CONH-Et 
Z-Leu-Abu-CONH-nPr 
Z-Leu-Abu-CONH-nBu 
Z-Leu-Abu-CONH-iBu 
35 Z-Leu-Abu-CONH-Bzl 

Z-Leu-Abu.CONHKCH2)2Ph 
Z-Lcu-Abu^ONH-(CH2)3-N(CH2CH2)20 
Z-Leu.Abu-CONH-(CH2)7CH3 
Z-Lcu-Abu-CONH-(CH2)20H 
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Z-Leu-Abu-CONH-(CH2)20(CH2)20H 

Z-Leu-Abu-CONH-(CH2)i7CH3 

Z-Leu-Abu-CONH-CH2-C6H3(OCH3)2 

Z-Leu-Abu-CONH-CH2-C4H4N 
5 Bz-DL-Ala<]OOEt 

Bz-DL-AIa<XX)Bzl 

Bz-DL-AIa-COO-fl-Bu | 

Bz-DL-Ala-COOH 

Bz-DL.Phe-CCX)Et 
10 Bz-DL-Ala-<X)OCH2-C6H4-CF3 (para) 

Bz-DL.Arg-aX>Et 

Bz-DL-Lys-CXX)Et 

Bz-DL-Lys-COOH 

Z-Ala-Dl^Ala<XX)Et 
15 Z-Ala-DL-Ala-(X)OBzl 

Z-Ala-DL-AIa-COO-/i-Bu 

MeO-Suc-Ala-DL-Ala-COOMe 

Z-Leu^va-aXJEt 

Z-Leu-Nlc-COOEt 
20 Z-Leu-Phe-COOEt 

Z-Lcu-Abu-COOEt 

Z-Phe-DL-Phe-CCXDEt 

H-Gly-DL-Lys-COOEt 
H-Ala-DL-Lys-COOEt 
25 H-Pro-DL-Lys-CDOEt 
H-Phe-DL-Lys-COOEt 
Z-Alft-AIa-DL-Ala<XX)Et 
Z-Ala-no-DL-Ala-CCXSEt 
Z-Ala-Ala-DL-Abu-CXX)Et 
30 Z-Ala-A]a-DL-Abu-CXX}BzI ' 

Z-Ala-Ala-DL-Abu-C(XX3l2-C6H4-a3 (jaa) 
MeO-Suc-Val-Pito-DL-Phe-CCX)Me 
H-Leu-AIa-DLrLys-COOEt 
Z-AIarAk-AIa-DL-Ala-GOOEt 
35 MeCWuc-AIa-AIa-Plto-DL-Abu-COOMc 
Z-Leu-Phe-COOEt 
2-Lcu-Nva-COOEt 
Z-Len-Abu-OOOEt 
Pha>Abu-COOEt 
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(CH3)2CH(CH2)2CO-Abu-COOEt 

CHjOIjCEDjCHCO-Abu-COOEt 

Ph(CH2)6CO-Abu.COOEt 

Z-Lcu-4-a.Phe-COOEt 
5 Z-Leu-Lcu-Abtt-COOEt 

Z-Leu-Leu-Phe-COOEt 

2-Nq)S02-Lett-Abu-CCX)Et I 
. 2-NapS02-Lett-Lca-Abu-CXX5Et 

Z-Leu4^-Ct)2Et 
10 Z-Lctt-NLcu-C02Et 

ZLeu-Phc-C02Bu 

Z-Leu-Abu-COjBu 

Z-Leu-Phe-COjBzl 

Z-Leu-Abu-COjBd 
15 Z-Lcu-Phc-COOH 

Z-Lcu-Abu-COOH 

Maxerials and Methods, HEPES, heparin, and A23187 were obtained from 
Calbiochem. Suc-Leu-Tyr-AMC and chromogcnic substrates were obtained firom Sigma. 

20 Calpain I was purified from human erythrocytes accordmg to the method of Kitahara (Kitahara 
et al., /. Biochem, 95, 1759-1766) omitting the Bluc-Sepharosc step. Calpain n from rabbit 
muscle and cathepsin B were purchased finom Sigma. Papain was purchased firom Calbiochem. 

Assay of Inhibitory Potency. Peptide a-kctoamides were assayed as reversible enzyme 
mhibitors. Various concentrations of inhibitors in Me2S0 were added to die assay mixture 

25 which contained buffer and substrate. The reaction was started by die addition of the enqonc 
and the hydrolysis rates were followed spectrophotometrically or fiuorimetrically. 

Calpain I from human etytfuocytes and calpain n from rabbit were assayed using Suc- 
Leu-Tyr-AMC [Sasaki et aL, /• BioL Chem. 259, 12489-12494 (1984); incorporated herein by 
reference], and the AMC (7-amino-4-methyIcoumarin) release was followed fiuorimetrically 

30 (excitation at 380 nm, and cmmision at 460 nm). (Zalpains were assayed in 25 mMTrispH« 
8.0, 10 mM CaCl2. Fluorescence was followed using a Gilson FL-1 A fluorometer or a Perkin- 
Elmer 203 Ruorescencc spectrometer; Cathepsin B was assayed in 20 mM sodium acetate pH 
= 5JZ,0JmMdithiothrcitol using Bz-Phe-Val-Aig-p-nitroanilide as substrate. Alternately, 
cariiepsin B was assayed with Z-Arg-Aig-AFC [Barrett and Kirschke, Methods EnzymoL 80, 

35 535-561 (1981); incorporated herein by reference], and the AFC (7-aniino-4- 

trifluoromethy Icoumarin) release was followed fiuorimetrically (excitation at 400 tmi and 
emmisionat505 nm). Papain was assayed in 100mMKPO4, 1 mMEDTA,2J mM cysteine 
pH = 6.0 using Bz-Arg-AMC or Bz-Arg-NA [Kanaoka et aL, Chenu Pharm. BtdL 25, 3 126- 
3128 (1977); incorporated herein by rcforacc] as a substrate. Tlic AMC Q-zitmo^ 
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methylcoumarin) release was followed fluorimetrically (excitation at 380 nm, and emmision at 
460 nm). Enrymadc hydrolysis rates were measured at various substrate and inhibitor 
concentrations, and Kj values were determined by eidier Lincwcaver-Burk plots or Dixon 
plots. 

5 A 0. 1 M Hepcs, 0.5 M NaQ, pH 7.5 buffer was utilized for human leukocyte elastase 

(HLE), porcine pancreatic elastase (PPE), chymotiypsin and cathepsin G. A 0.1 Hepcs, 0.01 
M Caa2, pH 7.5 buffer was utilized fcf trypsin, plasmin, and coagulation enzymes. A 50 mM 
Tris'HCl 2 mMEDTA, 5 inM cysteine, pH7J was used as a buffer for papain. A88mM 
KH2PO4, 12mMNa2HP04, 133 niMEDTA. 2.7 mM cysteine, pH 6.0 solution was used as 
10 a bufTer for cathepsin B. A 20 mM Hepes, 10 mM Caa2» 10 mM mercatoethanol, pH 72 
buffer was utilized fcx" calpain I and calpain H. 

HLE and FPE were assayed with McO*Suc-Ala*AIa-Pco-VaI-NA and Suc-AIa-AIa-Ala- 
NA, respectively [Nakajima et aU J. BioL Chem. 254, 4027-4032 fl979): incorporated herein 
by reference]. Human leukocyte cadiepsin G and chymotiypsin A^ were assayed with Sue- 

15 Val-Pro-Phe-NA [Tanaka et al.. Biochemistry 24, 2040-2047 fl985); incorporated herein by 
reference]. The hydrolysis of peptide 4-nitroanilidcs was measured at 410 nm [£419 = 8800 
M-lcm-1 ; Erlanger et aL, Arch. Biochem. Biophys. 95, pp 271-278 (1961): incorporated 
herein by reference]. Trypsin, thrombin, human plasma kallikrein, porcine pancreatic 
kallikrein, human factor XIa, and human plasmin were assayed with Z-Arg-SBzl or Z-Gly- 

20 Arg-SBu-i [McRae et al.. Biochemistry 20, 7196-7206 (1981); incorporated herein by 

reference]. All peptide thiocstcr hydrolysis rates were measured with assay mixtures containing 
4.4*.dithiodipyridine (£324 « 19800 M-lcm-1; Grasctti & Murray, Arch. Biochem. Biophys. 
1 19, pp 41-49 (1967); incorporated herein by reference]. Papain was assayed with Bz-Aig- 
AMC or Bz-Arg-NA [Kanaoka et al., Chem. Pharm. Bull. 25, 3126-3128 (1977); incorporated 

25 herein by reference]. Hie AMC (7-amino-4-methylcoumarin) release was followed 

fluorimetrically (excitation at 380 rmx, and emmision at 460 nm). Cathepsin B was assayed 
with Z-Arg-Arg-AFC [Barrett and Kirschke, Metiiods EnzymoL 80, 535-561 (1981); 
incorporated herein by reference], and the AFC (7-amino-4-trifluorbmethylcoumaxin) release 
was followed fluorimetrically (excitation at 400 nm, and emmision at 505 nm). Calpain I from 

30 human ezythrocytes and calpain n firom rabbit were assayed using Suc-Leu-Tyr-AMC [Sasaki 
et al., J, BioL Chem. 259. 12489-12494 (1984); incorporated herein by reference], and the 
AMC (7-amino-4-methylcoumarin) release was followed fluorimetrically (excitation at 380 nm, 
and enunision at 460 nm). Enzymatic hydrolysis rates were measured at various substrate and 
inhibitor concentrations, and values were determined by either Lineweaver-Burk plots or 

35 Dixon plots. 

Platelet membrane penneabUxty assay, Calpain-mediated breakdown of spectrin was 
measured by quantitative densitometry of the calpain-specific 150/155 kDa spectrin fragment 
doublet (sec Siman et al., Proc. NaxL Acad. ScL USA 81, 3572-3576 (1984)]. Platelets were 
isolated by a modification of the method of Ferrell and Martin [/. BioL Chem. 264, 20723- 
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20729 (1989)]. Blood (15-20 ml) was drawn from male Sprague-Dawley rats into 1/lOth 
volume of 100 nM EDTA-dtrate, and centrifugcd 10 mmutes at 2000 
centrifuge at room lemperanire. nie plasma was resuspended in 15 ml of buffer 1 (136 mM 
NaCU 2.7 mM Ka 0.42 mM NaH2P04. 12 mM NaHCOs. 2 mM Mga2. 2 mg/ml BSA 

5 (Sigma). 5.6 mM glucose. 22 mM Nascioate pH 6S) and platelets were isolated at 2200 rpm at 
room temperanire for 10 minutes. Platelets were washed once in 15 ml buffer 1. then 
resuspended to l07ccllsM in buffer 2 (136 mMNaa 2.7 mMKa 0.42 mMNaH2P04. 12 
mM NaHCOs. 2mM Mga 1 mg/ml BSA (^igma). 5.6 mM glucose. 20 mM HEPES (Sigma) 
pH 7.4) and aUowed to "rest" for a minimmn of 10 minntes at room tempcrannc before use. 

10 Inhibitors were added ftom stock solutions made fiesh in DMSO. 100 jil platelets, 

" suspcndedto io7 cellstol in buffer 2, were incubatcsd with 1 nl of an inhibitor solution for 5 
minutes atiDomtcmperaturcpriortothcadditionof2mMCa2+andluMA23187. After 10 
minutes total exposure to inhftitor (5 minutes exposure to ionophore) at room temperature, 
platelets weie reisolated at 14.000 ipm for 10 sec in a Beckman miaofugc dissolved in SDS- 

15 PAGE sample buffer, and heated to SiO'C for 3 minutes. 

Samples were subjected to SDS-PAGE in 4-12% gradient mini gels (Novex) and 
transfctred to niooceUulose (Schleicher and SchueU 0.45 urn) by electroblotting. Filters were 
blocked for 10 minutes in 0.25% gelatin. 1% BSA. 0.25% triton XIOO. 0.9% Naa 10 mM 
Tris-a pH 7 J. incubated overnight in the same solution containing antibody to rat spectrin. 

'>0 washed 3 x 10 minutes with 10 mM Tris-Q pH 7 J. 0S% triton X 100, incubated 4 hours in 
wash buffer plus alkaline phosphatase conjugated goat anti-rabbit antibody (Biorad). and 
washed as above. Blots were developed using the Biorad AP conjugate substrate kit. 
Quantitative densitometty was used to obtain values for the intaa spectrin bands and the 
150/155 kDa breakdown product doublet 
5 Struaure-Acdvixy Reladonships. Tables I and IV shows die inhibition constants (Kj) 

. for human leula)cyctecIastase(HIJE),poicine pancreatic dastase(PPE),chymottypsin and 
calhepsin G. Tripcptide and tettapcpride fcetoestcrs with Ala, Abu, orNva in die Pi site are 
potent inhibitors of HLE and EPE. Amino add and dipeptideketocsters with Ala in the Pj site 
are less potent tiian tins tripcptides. Z-Ala-Ala-Abu-COOBzl is a potent inhibitor of elastascs, 
0 and replacement of the Z group (PfaCHaOCO-) by PhC3l2CH2CO-, PhCH2CH2S02-. 

FbCH.2NH.CO-. and PhCH2NHCS- would result in good inhibitor strucnires. Clanging the R 
group of Z-Ala-Ala-Abu-COOR from ethyl to benzyl or /»-trifluoromethylbenzyl results in 
equaUy potent inhibitois of IILE. However,^repIacement of ediyl by ben^l group in Z-Ala- 
Ala-CO-OEt makes a better elastase inhibitor. Amino acid and peptide ketoestets witii Phe in 

35 the Pi site are good iiihibitors of chymotrypin and cadicpsin G. MeO-Suc-Val-Pto-Phe-CO- 
OR is a potent inhibitor of chymotcypsin tmd cathepsin G. and replacement of methoxysuccinyl 
group by Z, benzoyl. PhC3l2CH2S02-. PhCH2NHCX)-. or PhCH2NHCS- wouW result in 
good inhibitors for chymotrypsin and cathepsin G. 
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Table II shows the inhibition constants (Kj) for trypsin, plasmin, and several blood 
coagulation enzymes. Amino acid and pepddc ketoesters with Arg or Lys in the P| site arc 
good inhibitors of trypsin, although they inhibit blood coagulation enzymes less potently. Bz- 
Arg-CO-OEt is a better thrombin inhibitor than Bz-Lys-CO-OEt, and tripeptides such as D*Phe- 
5 Pro- Arg-COOEt and Boc-D-Phe-Pro-Arg-CX>OEt arc expected to be potent thrombin 
inhibitors because the interactions between the enzyme and inhibitor increase. 
H-Gly-Lys-CO-OEt inhibits Arombin bctfcr than Bz-Lys-CO-OEt. but this dipcptidc ketoester 
is a less potent inUbitor for human plasma kallikieizi. Therefore variation of the blocking group 
and amino acid sequence in the peptide ketoesters would result in the more specific inhibitors 

10 toward individual coagulation enzymes. 

Tables m and IV shows the inhibition constants (Kj) for papain, cathepsin B, calpain I, 
andcalpainIL Dipeptideketoesters widi Abu,Phe,orNIeinthePi site and Leu in the P2 site 
are potent inhibitors of calpain I and calpain IL Z-Leu-Abu-CO-OEt is a better inhibitor of 
calpain dian Z-Ala-Ala-Abu-CO-OEt by 500-1250 fold. Replacement of the Z group 

15 (PhCH20C0-) by similar groups such as PhCH2CH2CO-, PhCH2CH2S02-, PhCH2NHC0- 
, and PhCH2NHCS- would also result in good inhibitor strucnires. Extending the R group to 
include longer alkyl groups or alkyl groups substimted witii phenyl groups would increase the 
membrane permeability of this inhibitor. Dipcptidc and tripeptide ketoesters with small aliphatic 
amino acid residue or Phe in the Pj site are also good inhibitors for papain and cathepsin B. Z- 

20 Phe-Phe-CO-OEt,Z-Ala-Ala-Nva-CO-OEt.and 

McO-Suc-Val-Pn>-Phe-C0-0Me arc potent inhibitors of cathepsin B, and replacement of the Z 
(PhCH20C0-) or McO-Suc- group by PhCH2CH2CO-. PhCH2CH2S02-. PhCH2NHC0-. 
and PhCH2NHCS- would also result in good inhibitor structures. Z-Ala-Ala-Abu-CO-OBzl 
inhibits papain ca. 30 fold less potendy than Z-Ala-Ala-Abu-CO-OEt , tiius changing the benzyl 

25 group to a smaller alkyl group such as methyl, or propyl would make better papain inhibitors. 

Table IV shows the inhibition constants (Kf) for cathepsin B, calpain I, and calpain n 
widi peptide ketoamides. Dipeptide a-ketoamides with Abu and Phe in the Pj site and Leu in 
the P2 site are potent inhibitors of calpain I andcalpainIL Z-Ijeu-Abu-CX)NH-Etisabetter 
inhibitor of calpain I than 2^Leu-Phe-C0NH-Et by 14 fold. Replacement of the Z group 

30 (PhCH20C0-) by similar groups such as PhCH2CH2CO-, PhCH2CH2S02-. PhCH2NHC0- 
, and PhCH2NHCS- would also result in good inhibitor strucnires. The best mhibitor of 
calpain n is Z-Lcu- Abu-CONH-(CH2)2-Ph- Changing tiic R3 and R4 groups significandy 
improves the inhibitory potency toward calpain II. The best dipeptide inhibitors are tiiose 
which have long alkyl side chains (e.g. Z-Leu-Abu-CONH-(CH2)7CH3), alkyl side chains 

35 witii phenyl substimted on die alkyl group (e.g. Z-Leu- Abu-CONH-(CH2)2-Ph). or alkyl 

groups with a morpholine ring substituted on the alkyl group [c.g. Z-Leu- Abu-CONH-(CH2)3- 
Mpl, Mpl = -N(CH2CH2)201. Dipeptide a-ketoamides widi a small aliphatic amino acid 
residue or a Phe in the Pi site are also good inhibitors for cathepsin B. The best inhibitor is Z- 
Leu-Abu-CONH-Et and replacement of die Z (PhCHoOCO-) by PhCH2CH2CO-, 
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PhCH2C3l2S02-» PhCH2NHCO-, and PhCH2NHCS- would also result in good inhibitor 
structmes* 

Peptide a-ketoamidcs and peptide ketoamides were substantially more stable in both 
plasma and Uvcr than the coirespondingpcptidea-kctocstere The peptide a- 

5 kctoanudes and kctoacids were also much nwrecfifecrivei^ Extendingdie 
R3 group to an allgrl group or an alky 1 group substituted with a phenyl group 
membrane pcrmeabiKty of the inhibitors ^ indicated by increased potency in the platelet assay. 

Inhibition Mechanism. A crystal stmctuic of one a-kctoester bound into the active site 
of porcine pancreatic clastase has been con?)leted and a schematic drawing of the interactions 

10 observed is shown below. The active site Ser-195 oxygen of the enzyme has added to the 
carbrayl group of the ketoester to fmn a tctrahcdrailntetmcdiate which is stabilized by 
interactions with the ojqranion hole. This structure resembles the tetrahedral intermediate 
* involved in peptide bond hydrolysis and proves that a-ketoesters arc transition-state analogs. 
His-57 is hydrogen bonded to the caibonyl group of the ester functional group, the pcpddc 

15 backbone on a section of PPE's backbone hydrogen bonds to the inhibitor to form a P-shect, 
and the benzyl ester is directed toward the S* subsitcs. The side chain of the Pi amino acid 
residue is located in die Si pocket of the enzyme. Interactions with ketoamides would be 
similar except for that there would be die possibility of forming an additional hydrogen bond 
with the NH group of die ketoamide functional group if R3 ot R4 was R If R3 and/or R4 arc 

20 longer substutuents, then they would make favorable iiiteractions with the S' subsitcs of the 
enzyme. In the case of ketoacids, there would be no R group to interact with the S' subsitcs 
and these inhibitors would be slightiy less potent tiian the ketocsters and ketoamides. 




subsites 



25 The active site of cysteine proteases share several features in common with serine 

proteases including an active site histidine residue. In place of the Ser-195, cysteine proteases 
have an active site cysteine residue i«*ich would add to the kctonic carbonyl group of the 
peptide keto acids, keto esters, or ketoamides to form an adduct very similar to thq sccucnire 
depicted above except widi a cysteine residue replacing the serine- 195 residue. Additimal 
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interacdcms would occur between the exte nd ed substrate binding site of the cysteine protease 
and the inhibitor which would increase the binding affinity and specificity of the inhibitor. 

Inhibitor Design and Selection. The pepdde and amino acid a-ketoester, a-ketoacid« 
and a-ketoandde derivadves, as shown in the above crystal structmc, bind to the enzymes 
5 using many of the interactioas that aie found in complexes of a particular individual enzyme 
with its substrates. In order to design an inhibitor for a particular serine or cysteine protease, it 
is necessary to: 1) firid the anuTK) acid ^cquences of good pepdde subs^^ 
and 2) place those or similar amino acid sequences into a a-ketoestcr, a-ketoacid, or a- 
ketoamide structure. Addidwalinteracdons withthecnzyinecanbeobtaitiedby tailorm 

1 0 group of the inhibitor to imitate the ammo add residues which are preferred by an individual 
protease at the S i' and $2* subsites. For examplc'ketoesters with R « branched alkyl groups 
would interact efiecdvely with serine and cysteine proteases which prefer Leu, He, and Val 
residues at P^* and/or P2', whfle ketoesters and amides with R » alkyl substituted with phenyl 
would interact effectively with serine and cysteine proteases which prefer Phe, Tyr, Trp 

13 residues at Pj' and/or P2'. Likewise, the group can be tailored to interact with the S 
subsites of the eniyme. This design strategy will also work when other classes of peptide 
inhibitors are used in place of the pq)dde substrate to gain information on die appropriate 
sequence to place in the ketoester, ketoacid, or ketoandde inhibitor. Thus, we are able to 
predict the structure of new inhibitors for other serine and cysteine proteases based on 

20 knowledge of dieir substrate specificities. Once a good inhibitor structure for a particular 
enzyme is found, it is then possible to change other characteristics such as solubility or 
hydrophobicity by adding substituents to the or R, R3, and R4 groups. 

Elastase is an enzyme which hydrolyzes most efTectively tetra- and tripepddes having P ^ 
residues widi small alkyl side chains such as Ala and VaL MeO-Suc-Ala-Ala-Ala-Val-NA and 

25 Z* Ala-Ala-Ala-Ala-NA are good substrates (NA = 4-nitroaxulide). Thus the corresponding a- 
ketoesters Z- Ala- Ala-Ala-DL- Ala-COOEt and MeO-Suc- Ala-Ala-Prx>*DLr Abu*COOMe are 
excellent elastase inhibitors. Suc-Phe-Leu-Phc-N A is an excellent substrate for chymotrypsin, 
cathepsin G, and mast cell chymases. Thus, die corresponding a-ketoester is an excellent 
inhibitor for these chymotcypsin-likeen^mes. In die case of the cysteine protease calpain, a 

30 good inhibitor sequence is Ac-Leu-Leu-Nle-H. We have found that ketoesters related in 

strucmre such as Z-Leu-Abu-CO-OEt and Z-Leu-Nle-COOEt are potent inhibitors for calpaiit 
We have also found that ketoamides related in structure such as Z-Leu-Abu-CO-NR3R4 and Z- 
Leu-Phe-CO-NR3R4 are potent inhibitors for calpairu 

The following structures are predicted to be potent inhibitors for die listed enzymes. 

35 The iiiMbitor sequences were obtained from pepdde substrate and/or irdiibitor sequencer 
protease literature. 

Z-GIy-Leu-Phc-CO-Q-R for cadiepsin G and RMCP H 

MeO-Suc-Ala-Ala-Pno-Mct-CO-Q-R for cathepsin G 

Boc-Ala-AIa-Asp-CO-Q-R for human lymphocyte granzymeB 
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10 



15- 



20 



25 



30 



35 



Suc-Pio-Lcu-Phe-CO-Q-R and Boc-Ala-Ala-Phe-CO-Q-R 

for RMCP I CRMCP = rat mast cdl 

protease) 

Boc-Gly-Leu-Phe^-Q-R. Suc-Phe-Lctt-Phe-CO-Q-R 

for human and dog skin chymase 

Boc-Ala-Ala-Glu-COQ-R for S. aureus V-8 protease 

Z-Gly-Gly-Pro-COQ-R for human prolyl endopeptidase 

Ala-ProWi-R forDPPIV 
Suc-Ala-AIa-PB>-Val-a>Q-R forPPE 

Suc-Lys(Cbz)-Val-Pro-Val-CCM3-R. adamantyl-S02-Lys(COCH2CH2C02H).Ak-Val-CCK)- 
R. adamantyl-CH2CH20C0^1u(0-^Bu)-F^l>-Val-CO-Q-R. and adaniantyl-S02-Lys(C0- 
C6H4C02H)-Ala-Val-CX>Q-R for human Ieuko<yte(nemr(^)elastase 

SuoAla-Ala-Pro-Lcu-CO-Q-R for clastolytic proteinase fiom 

"Schistosoma mansoni" . 

Glu-Phe-Lys-CO-Q-R and Dns-Ala-Phe-Lys-CO-Q-R 

fcv-plasmin 

D-Val-Gly-Arg-CO-Q-R and Dns-GItt-GIy-Aig-CO-Q-R 

for factor Xa 



Z-Phe-Aig-CO-Q-R and Z-TrjvArg-CO-Q-R 



Z-Lys-Arg-CCKJ-R 
Z-Gly-Arg-CO-Q-R 
Z-Ile-Ala-GIy-Arg-CO-Q-R 

GIu-GIy-Arg-CO-Q-R 
Dns-Phe-Pro-Aig-CO-Q-R 
Dns-Dc-Pro-Arg-CO-Q-R 
Z-Tip-Aig-CO-Q-R 
Z<jIy-Aig.COQ-R 
Z-Phe-Aig-CO-Q-R 
Dns-Glu-Gly-Aig-CO-Q-R 



{ac porcine pancreatic and human plasma 
kaHikreihs 

for human skin tcyptase 

for human lung tiyptase 

for factors DCa, Xa. XIa. Xlla and 

bovine plasma kallikiein 

for urokinase 

for plasminogen acdvator 

for activated protein C 

for bovine factor DCa 

for bovine factor Xa and XIa 

for bovine factor XUia 

for human factor Xa 



D-Phe-Pto-Aig-COQ-R, D-McPhe-Pro-Aig-CO-Q-R. and 



Boc-D-Phe-Pto-Arg-CO-Q-R 
Z-Phe-Gly-Arg-CO-Q-R 
a-C6H4CH20CO-Phe-Gly-COO-n-Bu 
C6H5CH2NHCO-Gly-Phe-Gly-CO-0-n-Pr 



for human thrombin 
for trypsin 
for papain 

forcathqisinB 
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where Q is O for ketoesteis; and R is selected from the group consisting of H. €^.20 
alkyU C1.20 ^1*^1 ^ phenyl group attached to the C1.2O ^1-20 ^ 

attached phenyl group subsdtuted with K* 
where Q-R is OH for Icetoacids. 

5 where Q-R is -NR3R4 and R3 & R4 are selected independendy from the group 

consisting of H, C1.20 alkyl. C1.2O cycHzed alkyl C1.20 with a phenyl group attached 
to the Ci-20 alkyl. Ci-20 cyclized alkyl with an attached phenyl group, C1.20 alkyl with an 
attached phenyl group substituted with it C1.20 alkyl with an attached phenyl group 
disubstitutcd with K, C1.2O alkyl with an attached phenyl group trisubstituted with K. C1.20 

10 cyclized alkyl with an attached phenyl group substituted with K, C^iq alkyl with a morpholinc 
[-N(CH2CH2)01 ling attached through nitrogen to the alkyl. Ci.io alkyl with a pipcridine ring 
attached through nitrogen to the alkyU Cj.io ^Iky^ with a pyrrolidine ring attached through 
nitrogen to tiie alkyl, C 1.20 alkyl witii an OH group attached to the alkyl. - 
CH2CH2OCH2CH2OH. Cuo with an attached 4-pyridyl group, Cj.io with an attached 3- 

15 pyridyl group, Ci.jo with an attached 2-pyridyl group, Ci.iq with an attached cyclohcxyl 
group. -NH-CH2CH2-(4-hydroxyphenyI), and -NH-CH2CH2-(3-indolyl). 

In Vitro Uses. To use the above inhibitors in vitro, tiiey are dissolved in an organic 
solvent such as dimethylsulfoxide or ethanol, and are added to an aqueous solution containing 
serine and/or cysteine proteases. The final concentration of the organic solvent should be less 

20 than 25%. The inhibitors may also be added as solids or in suspension. The serine and 
cysteine protease inhibitor of this invention would be useful in a variety of experimental 
procedures where proteolysis is a significant problenu Inclusion of these inhibitors in a 
radioimmunoassay experiments would result in higher sensitivity. The use of tiiese inhibitors 
in plasma fractionation procedures wouU result in higher yields of valuable plasma proteins and 

25 would make purification of die proteins easier. The inhibitors disclosed here could be used in 
cloning experiments utilizing bacterial cultures, yeast and human cells to yield a purified cloned 
product in higher yield. 

The novel compounds of this invention are effective in the prevention of unnecessary 
proteolysis caused by chymotiypsin-like, clastases, and trypsin-like enzymes in die process of 

30 purification, transport and storage of peptides and proteins as shown in Tables I, II, HI, and IV 
by effective inhibition of chymotrypsin, elastase, trypsin, and otfier serine & cysteine 
proteases. 

In Vivo Uses. Effective inhibitors of the proteolytic function of human leukocyte 
elastase and human cafliepsin G (Tables I and IV) would have anti-inflammatoty activity and 
35 can be used to treat and control emphysema, adult respiratory distress syndrome and 
rheumatoid arthritis. Effective inhibitors of the proteolytic function of chymotrypsin and 
pancreatic elastase (Tables I and IV) are effective for therapeutic use in treatment of pancreatitis. 

Various a-ketocstcrs have anticoagulant activity as shown in Table II by effective 
inhibition of the proteolytic function of blood coagulation cn:qrmes in Hepes buffer. Otiicr 
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pcpddc a-kctocsios have and-tuawr activity as sh<^ 

theprotcolyticfimcrionofhunumplasmplasinin. 

Peptide o-kctoesters can be used to control protein turnover, muscular dystrophy. 

myocardial tissuedanu.ge.tanu>rmetastasis.andbonercsorpti^ 
5 byeffectiveinhibitionof lysosomalcathepsinB inbnffer. Peptide a-ketoesters can also be 

uLlasne«roproiec.anisorforthetrcati^ofischenua.stm^ 

showninTablcsinandlVbycffectiveinhilJitonofcalpainlandcal^ 
Coasiderabteevidflxehasshownihatleatocytecl^ 

roleinta«orceUnu^tasis[SdoetaU/nt/.C^30.pp669^^^^^^^ 
10 Biochem. Bhpkys. Res. Comm. 105. pp 383-389 (1982); Powers. J. C m Mod^cau^, of 

Proteins. R. E. Feeney and J. R. Whitaker. eds. Advl ChcnL Ser 198. Amer. Ch«n. Soc. 

Wash.. D. C pp 347-367 (1982); aU incorporated herein by reference], therefore it is 

suggested that compounds of ftis invcntionmay have anti-nmior activity. 

Palmonary cmphyscnui is a disease characterized by progressive loss of lung elastaty 
15 duetothedestrucdonoflungelastinandalveolL The destructive changes of lung parcntchyma 

associated with pulmonary cmphysenaare caused by uncontrolled Foteolysis in 

[lanoff. Chest 83. 54-58 (1983): incorporated herein by reference]. A number of proteases 
have been shown to induce emphysema in animak [Marco etaL.Am.i?ev./?esp.r.D«^ 

595-598 (1971); Kaplan./. Lab. Clin. Med. 82, 349-356 (1973); incorporated herein by 
20 reference], particularly human leukocyte dastase [Janoff. ibid 115. 461-478 (1977); 

incoqHxatcdhcreinbyrefenace]. Leukocyte elastase and other mediators of inflammanon also 
appear to play a role in diseases such as mucocutaneous lymph node syndrome (Reigcr et aL, 
Eur J Pediaxr. 140. 92-97 (1983); incorporated herein by reference] and adult respiratory 
distress syndrome [Stockley. CUmcal Science 64. 119-126 (1983); Lee ct aL. N. Eng. J. Med. 
25 304. 192-196 (1981); Rinaldo. ibid 301. 900-909 (1982); incorporated herein by reference]. 

Itis known thatiii viiro activiiy of elastase inhibitors correlates witfi in vivo activity in 
animal models of emphysema and inflammation [Ottemess et aL. editors. Advances in 
Inflammation Research. VoL 11. Raven Press 1986: incortx»rated herein by reference]. 
Prophylactic administration of an inhibitor of elastase significantly diminishes the extentof 
30 elastase-ind»cedemphysema[KleinermanetaL,^i?«'.i?«fr.Dfa. 121.381-387(1980): 

• Lucey etaL. Eur. Respir. J. 2. 421-427 (1989); incorporated herein by reference]. Thus die 
novel inhibitors described here should be useful for the treatment of emphysema and 

inflammation. Hastase inhibitors have been used oraUy. by injection, or by instillation in the 
lungs in animal smdies (Powers, Am. Rev. Respir. Dis., 127. s54-s58 (1983); Powers and 
35 Beasan,Am.Rev.Respir.Dis. 134. 1097-1100 (1986): these two articles are incorporated 
herein by reference). The inhibitors described above can be used by any of these ionics. 

Drug Delivery. For tiierapeutic use. the peptide oc-ketoesters. a-ketoamides, and a- 
kctoacids may be administered orafly. tdpicaUy or parenteiaUy. The term parenteral as used 
includes subcutaneous injection, intravqious, intramuscular, intrastemal injection or infusion 
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tcchniqucs. The dosage depends primarily on the specific formulation and on the object of the 
therapy or prophylaxis. The amount of the individual doses as well as the administradon is best 
determined by individually assessing the particular case. 

The pharmaceutical conqmidons containing die acdve ingredient may be in a fmn 
5 suitable for oral use, for example as tablets, troches, lozenges, aqueous or oily suspensions, 
dispersible powders or granules, emulsions, hard or soft capsules or syrups or elixirs. Dosage 
levels of the order to 02 mg to 140 mg ^ kilogram of body weight per day are useful in the 
treatment of above-indicated condidom (10 mg to 7 gms per patient per Hieamountof 
acdve ingredient that may be combined widi carrier materials to produce a single dosage form 
10 will vary depending upon the host treated and the particular mode of administradon. 

For injecdon, the therapeutic amount of ihe pepdde a-ketoesters, a*ketoamides, and a- 
kctoacids or dicir phaimaceudcally accq)table salts will normaUy be in the dosage range from 
0.2 to 140 mg/kg of body weight Administradon is made by intravenous, intramuscular or 
subscutaneous injecdon. Accordingly, pharmaceudcal composidons for parenteral 
15 administradon will contain in a single dosage form about 10 mg to 7 gms of the coiiqxxinds per 
dose. In addidon to the acdve ingredient, these pharmaceudcal compositions will usually 
contain a buffer. e.g. a phosphate buffer which keeps the pH in the range from 33 to 7 and 
also sodium chloride, mannitol or sorbitol for adjusting the isotonic pressure. 

A composition for topical application can be formulated as an aqueous solution, lotion, 
20 jcUy or an oily solution or suspention. A composition in the form of an aqueous solution is 
obtained by dissolving the compounds of dus invention in aqueous buffer solution of pH 4 to 
6 J and if desired, adding a polymeric binder. An oily formulation for topical application is 
obtained by suspending die compounds of dus invention in an oil, optionally widi die addition 
of a swelling agent such as aluminium stearate and/or a surfactant 

25 

SYNTHETIC METHODS 
The ketoestcr inhibitor are prepared by a two step Dakin-West procedure. This 
procedure can be utilized with ehfaer ainino add derivatives, dipeptide derivatives, tripeptide 
derivatives, or tetrapeptide derivatives as shown in the foUowing scheme. 

30 

M,— AA-OH Enol Ester ^ M^— AA-CO-O-R 

M, — AA-AA— OH ^ Enol Ester — AA— AA— CO-O-R 

Ml — AA-AA-AA— OH ^ Enol Ester — — aA-AA-AA— CO-O-R 

Ml — AA-AA-AA-AA— OH--*- Enol Ester -*-Mi — AA— AA-AA— AA— CO-O-R 



SUBSTITUTE SHEET 



wo 92/12140 



-36- 



PCrAJS91/09801 



Hie precursor peptide can be prepared using standard peptide chemistry which is well described 
" in publications such as The Peptides, Analysis, Synthesis, Biology, VoL 1-9, published in 
1979-1987 by Academic Press and Houben-Wqrl Mediodcn dcr Organischen Chemic, VoL 15. 
Parts 1 and 2, Synthese von Peptiden^ published by Gcorg Thieme Vcrlag, Stuttgart in 1974 
5 (both references incorporated herein by reference). 

The Ml group can be introduced using a rnunber of different reaction schemes. Hrstit 
could be introduced direcdy on an amino add as shown in the following scheme (top), or the 
M 1 group could be introduced by reaction with an amino add ester, followed by removal of the 
eister group to give the same product (bottom). 

10 

H-AA-OH ^ M,— AA-OH- 

H-AA-O R' ^ Ml— AA-0 R — ^ M,— AA-OH 

The techniques for introduction of the group is well documented in the The 
Peptides, Houbcn-Weyel, and many o±cr textbooks on organic synthesis. For example 
reaction wdth cyanate or p-nitrophcnyl cyanate would introduce a carbaxnyl group (Mi = 

15 NH-jCO). Reaction with Me2NC(X3 would introduce die MC2NCO- group. Reaction with p- 
nitrophenylthiocarbamate would introduce a tWocarbamyl group (Ml ==NH2CS-X Reaction 
with NH2SO2CI would ina-oduce the NH2SO2- group. Reaction with Me2NS02a would 
intnxiucc the Me2NS02- group. Reaction with a substituted allyl or aryl isocyanatc would 
introduce the X-NH-CO- group where X is a substituted alkyl or aryl group. Reaction with a 

20 substituted all^l or aryl isothiocyanate would introduce the X-NH-CS- group where X is a 
substututed alkyl or aryl group. Reaction with X-SO2-CI would introduce the X-SC)2- group. 
Reaction wifli a substituted alkyl or aryl add chloride would introduce an acyl group (M = X- 
CO-). For example, reaction wth MeC>-CO-CH2CH2-CX)-a would give the X-CO- group 
where X is a C2 alkyl substituted with aCi alkyl-OCO- group. Reaction with a substituted 

25 alkyl or aryl thioadd chloride would introduce a thioacyl group (M = X-CS-). Reaction widi an 
a substituted alkyl or aryl sulfonyl chloride would introduce an X-SC)2- group. For example 
reaction with dansyl chloride would give Ae X-SO2- derivative where X was a naphthyl group 
mono substimted with a dimediylamino group. Reaction witii a substituted aOcyl or aryl 
chloroformatc would introduce a X-O-CO- group. Reaction with a substituted alkyl or aryl 

30 chlorothioformate would introduce a X-OCS-. There are many alternate reaction schemes 
• which could be used to introduce all of the above Mi groups to give dther Mi-AA-OH or Mi- 
AA-OR'. 

The Mi-AA-OH derivatives could then be used direcdy in the Dakin-West reaction or 
could be converted into the dipeptides, tripq)tides, and tetrapepiides Mi-A A-AA-OH, Mj-AA- 
35 AA-AA-OH. or Mi-AA-AA-AA-AA-OH which could be be used in the Dakin-West reaction. 
The substituted peptides Mi-AA-AA-OH, Mi-AA-AA-AA-OH. or M-AA-AA-AA-AA-OH 
could also be prepared direcdy fiom H-AA-AA-OH, H-AA-AA- AA-OH, or H-AA- AA- AA- 
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AA-OH using the reactions described above for introduction of the M group. Alternately, the 
M groiq) could be intioduccd by reaction with carboxyl blocked peptides to give Mj-AA-AA- 
0K\ Mi-AA-AA-AA-OR*. or Mi- AA-AA-AA-AAOR*. foBowed by the removal of the 
blocking group R\ 

5 The R I group in die ketoester suiictures is introduced during the Dakin-West reaction 

by reaction with an oxalylcUoridea-CO-C(>0-R. Fbrexample, reaction of Mi-AA-AA-OH 
with ethyl oxalyl chloride Q-CXKXD-O-pt gives the keto ester Mi-AA-AA-CCK>.El Reaction 
of Mi-AA-AA-AA-AA-OH with a-C0-0(>O-Bzl wouM 
AA-<rO-(>B2l Oeaily a wide variety of R g^ps can be introduced mto the 

10 structure by reaction with various alkyl or arylallgrl oxalyl chlorides (Q-CO-CO-O-R). Tlie 
oxalyl chlorides arc easily prepared by reaction 6f an alkyl or arylaB^l alcohol with oxalyl 
chloride Q-CO-CO-a For example, Bzl-OCO-CXMn and n-Bu-OCXKXKa are prtspaied 
by reaction of respectively benzyl alcohol and butanol widi oxalyl chloride in yields of 50% and 
80% [Waitcn, C. B,. and Malec, E. J., J. Chromatography 64, 219-222 (1972); incorporated 

15 herein by reference], 

Ketoacids Mi-AA<:0-OH, Mj-AA-AA-COOH, Mi-AA-AA-AA-CO-OH, M^-AA- 
AA-AA-AA-CO-OH, are generally prepared from the corresponding kctocstcrs Mi-AA-CO- 
OR, Mi-AA-AA-CO-OR, Mi-AA-AA-AA-COOR, Mi-AA-AA-AA-AA-COOR by a»rai»n.> 
hydrolysis. In some cases, it may be necessary to use odier methods such as hydrogenolysis 

20 of a benzyl group (R » Bzl) or add cleavage (R = r-butyl) to obtain tfie ketoacid The alternate 
methods would be used when die M group was labile to alkaline hydrolysis. 

Ketoaimdcs M1-AA-CO-NR3R4, M-AA-AA-CO-NR3R4. M.AA.AA.AA^O-SlR3R4, 
M- AA- AA-AA-AA-CO-NR3R4 were prepared indirecdy from die ketoestcrs. The ketone 
carbonyl group was first protected as shown in die following scheme and dien die kctoamide 

25 was prepared by reaction widi an amine H-NR3R4. The illustrated procedure should also work 
widi other protecting groups. In addition, die corresponding ketoacid could be used as a 
precursor. Blocking die ketone carbonyl group of die ketoacid and dicn coupling widi an amine 
H-NR3R4 using standard peptide coupling reagents wouU yield an intermediate whidi could 
then be deblocked to form die ketoamide. 
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M1-AA2 



» ? 



'R *K4i-AA2 



3 

o 

-NR3R4 



I" 

Ri O 

General Symhedc Methods. Uidcss otherwise noted, mterials were obtained from 
comnicrdalsupplicRandtiscdwidioutfimherpurifu^ Melting points were taken with a 
Buchicapillaiy apparatus and are unconcctcd. ^HNMR spectra were determined on a Varian 
GeminiSOO. Chemical shifts are expressed in ppm (5) relative to internal tetramctfiylsilanc. 
Hash column chromatography was performed with Universal Scientific Inc. silica gel 0-63. 
Electron-impact mass spectra (MS) of novel compounds were determined with a Varian MAT 
112s spectrometer. TTie purity of aU compounds was checked by thin-layer chromatography 
on Baker Si250F siUca gel plates using the foUowing solvent system: A, CHa3:MeOH = 20:1 
v/V: B, CHCU-J^eOH = 100:1 v/v. C, AcOEt; D. CHCl3:MeOH = 10:1 v/v; E. 
n-BuOH:AcOH.T)yJl20 = 4:1:1:2 v/v: F. CHCl3:MeOH = 5:1 v/v: G, AcOEtMeOH = 10:1 
v/v: a (i-Prtja I. CHCl3-J^H:AcOH= 80:10:5 v/v: J. C3ia3d^H:AcOH= 95-.5:3 v/v: 
K, AcOEtAcOH = 200:1 v/v; U CROy M. C3ia3MeOH = 50:1 v/v 

Amino arid methyl ester hydrochlorides were pnjpared according to M. Brenner ct 
al.[Helv. Chenu Acxa 33. 568 (1950); 36. 1109 (1953)] in a scale over 10 mmol or according 



DL-Nva-OCttj'HCl, 
L-ne-OCHj-HCl, 
L-Phe-OCHg-HO, 
DL-Abu-OCHj-HCI. 
L-Lea-OCB^-Ha 
DL-Nte-OCHj-Ha 

4-a-Phe-0(3l3-Ha 

N-Acylamino acids was synthesfecd via Schotten-Baumann reaction IM. Bergmann. L. 
Zervas. CAeln. Ber. 65, 1 192 (1932)] in'Sius case when the acyl group was phenylsulphonyl 
2-naphthylsulphonyl or benzoyL 



Yield (%) 


mpCQ 


m.p. (literature) 


100 


113-116 


116-117 


98 


90-91 


98-100 


98 


159-161 


158-160 


100 


148-150 


150-151 


lOO 


145J-146.5 


147 


93; 


120-121 


122-123 


98i 


184-185 (decontp.) 


185-186 
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Yield (%) 




TLC (Rf, eluent) 


49 


115-116 


0J8 I 


51 


150-151 


. 0.50 I 


57 


14g-14gJ 


0.48 K 


44. 


142-143 


OJl K • 


64 


141-142 


0.64 K 



.39. 



Z-NapSOj-L-Lcu-OH 
Z-NapSOj-DL-Abu-OH 
Z-NapSOj-L-Phc-OH 
5 PhcSOj-DI^Abu-OH 
PhCO-DL-Abu-OH 

N-Acylamino acids with 4-methylpentanoic, 2-(l-propyl)pentanoic and 
7-pheaylhq)tanoic group was synthesized in a two step synthesis. The N-acylamtno acid 
methyl ester was obtained fiist and then was hydiolysed to the free N-acylamino acid. 

10 N-Acylamim Acid Methyl Esters (General Procedure). To a chilled (10 *C) sluny of 

the appropriate amino add methyl ester hydnxMoiide (20 nimol) in 100 inl 
* slowly (temp. 10-15 40 mmol triethylamine or N*methylmorpholine and then the icacdon 
mixture was stirred for 30 minutes at this temperature. Then 18 mmol of appropriate add 
chloride (temp. 10-15 °Q was added slowly to the reacdon mixture and the reacdon mixnuc 

15 was stirred overnight at room temperamre. The predpitated hydrochloride was filtered, washed 
on a funnel with 2 x 20 ml benzene, and the collected flltrate.was washed successively widi 2 x 
50 ml 1 M HCI, 2 X 50 ml 5% NaHCOj, 1 x 100 ml HjO, 2 x 50 ml satd, NaQ and dried over 
MgSO^. After evaporation of the solvent in vacuo (rotavaporator), the residue was checked for 
purity (TLC) and used for the next step (hydrolysis). 

20 Yield (%) mpC^Q 

(CH3)2CH(CH2)2CO-DL-Abu-OCH3 80 ott 

(CH3CH2CH2)2CHCO-DL-Abu-OCH3 96 117-118 

Ph(CH2)gCO-DL-Abu-CX3l3 72 oil 

Hydrolysis (General Procedure). To a solution of 10 mmole of the appropriate 

25 N-acylamino acid mcriiyl ester in 100 ml of methanol was added in one portion 1 1.25 ml of 1 
M NaOH ( 1 1JZ5 nunol) and the reacdon mixmre was stirred three hours at room temperature. 
Then the reacdon mixture was cooled to 0 °C (ice-salt badi) and acidified to pH « 2 widi 1 M 
HGaq. To this reaction mixture was added 100 ml ethyl acetate, transferred to a separatory 
funnel and oiganic layer separated. The water layer was saturated widi solid NaQ or 

30 (NH^)2SO^ and reextracted with 2 X 50 ml AcOEt The collected organic byer was washed 
widi 2 X 50 ml H^O, decolorized with carbon, and dried over MgSO^. After evaporation of die 
solvent in vacuo (rotavaporator), the residue was checked for purity (TLC) and in the case of 
contamination was cxystallized from an appropriate solvent 

Yicld(%) mprO 

35 (CH3)2C3I(CH2)2CO-DL-Abu-OH 92 llOJ-112 

(CHjCHjCH,)^ CHCO-DI^Abu-OH 99 126-127 (n-octane) 

Ph(CH2)gC0-DL-Abu-0H 89 110-112(n-octane) 

N-Acyldipeptide methyl esteis were syndicsized via die HOBt-DCC mediod in a DMF 
solution [K5nig and Geigcr, Chenu Ber. 103, 788 (1970)]. 
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Yidd(%) 


mpC^ TLC(R-,eluent) 




80 

WW 


112-113 


0.37 B 


Z-Lcu-L-Phe-0GE3^ 


83 


86-87 


0.85 A 








0J9 B 


Z-Lfiii-L-IIe-OCH- 


97 


oS 










0 43 B 




1 


86-88 










0.26 H 


Z-Lcu-L-Lcu-OCEJj 


80 


91-92 


0.79 G 


ZLeu-D]>NI^u-OCHj 


97 


111-lllJ 




Z-Leu-4-a-Phe-OCH2 


65 • • 


112-132 


0.77 J 






(liquid aystal?) 


0.68 K 


l-NapSOj-Leu-DL-Abu-OCHj 


99 


oil 


0J9 A 


l-NapSOj-Leu-L-Lcu-Oa^ 


90 


97-983 


0.63 A 



general hydrolysis proceduie. In the case of N-suIphonyldipepdde mediyl esters, 1 equivalent 
of the methyl ester was hydrolyzed with 2 .25 eqtuvalent of I molar NaOH because of foim a 
sulfonamide sodium salt 



Z-Leu-DLr^^Va-OH 
Z-Leu-L-Phe-OH 

Z-Leu-L-ILe-OH 

Z-Lctt-DL-Abu-OH 
Z-Leu-L-Leu-OH 
Z-Leu-DL-Mjeu-OH 
ZrLett-4-a-Phe-OH 



Yield 

100 

92 

79 

99 
97 
98 
87 



mp("Q 

117-118.5 

IO5.IO6J 

77-79 

glass 
glass 
95-96 
104-114 
Giquid crystal?) 
180-195 (decooq)) 
68-70 



TLC (Rp cluent) 

0.11 A 

0.28 C 

0.55 G 

0.22 A 

0.52 C 

0.61 G 

036 r 

0.48 K 



2-NapS02-Lett-DL-Aba-OH 97.4 180-195 (deconq)) 038 I 

2^apS02-Leu-L-Lett-OH 94.0 68-70 032 I 

N-Acytiipq)tide methyl esters were synthesized via HOBt-DOC mediod in DMF 
soludon [Konig and Geiger. Chem. Ber. 103. 788 (1970)]. 

Yield (%) mpCQ TLC (Rj, eluent) 

2^Leu-Leu^Abu-OCH3 87 140-1413 030 A 

Z-Leu-Leu-Phe-OCF^ 76 158-159 0.83 J 

2-N^S02-Ijeu-Leu-Abu-OCEl3 97 >200 032 A 

N- Acyltdpepdde were obtained through hydio^is of the ^jprtqniate mediyl esteis via 
general hydrolysis procedure. In the case of N-sulphonyltiipeptide methyl ester, 1 equn^ent 
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of methyl ester was hydrolyzed with 125 equivalent of 1 molar NaOH to form the sulfonamide 
sodium salt. 

Yidi mpCQ TLC (Rf, eluent) 

Z-Leu-Uu-Abtt-OH 97 • glass 0.69 I 

Z-Leu-Leu-Phe-OH 98 glass 0.44 K 

2-NapS02-Leu-Leu-Abu-OH 85 193-195 (decomp) 0.53 I 



0J2 J 



I 



Hie following detailed examples are given to illusirate die invention and arc not intended 
10 to limit it in any manner. 

EXAMPLE.I 

Z-Ala-DL-Ala-COOEt. This compound was synthesized by a modified Dakin-West 
pnxcdurc [Charles ctaL./.CAon.5oc.F«*in/. 1139-1146. (1980)]. To a stincd solution 
of Z-Ala-Ala-OH (880 mg, 3 mmole). 4-dimethylaminopyridine (15 mg, a31 mmole), and 

15 pyridine (0.8 mL. 10 mmole) in tetrahydrofiiran (3 mL) was added ethyl oxalyl chloride (0.7 
mL. 6 mmole) at a rate sufficient to initiate refluxing. The mixtme was gently refluxcd for 3.5 
h. TTie mixture was treated with water (3 mL) and stirred vigorously at room temperature for 
30 min. The mixmrc was extracted with ethyl acetate. The organic extracts were dried and 
evaporated to obtain the residue (1.45 g). The residue was chromatogiaphed on siHca gel and 

20 eluted with CaiOi to give the cnol ester product. oQ (500 mg, 37%); single spot on Uc. Rf^ = 
0.67 (CHa3:MeOH = 9:1); MS. m/e = 451 (M++1). To a stirred suspension of the cnol ester 
(210 mg. 0.47 mmol) in anhydrous cthanol (1 mL) at room temperature was added dropwise a 
solution of sodium edioxide in ethanol until a clear ycUow solution resulted. The ethanol was 
then removed and the residue was treated with ctfier. The ether solution was washed widi 

25 water, dried, and evapoatcd to give a residue. TTiis residue was chromatogr^hed on a silica 
gel and the product was eluted with methylene chloride. TTie solvent was removed, and the 
peptide betocster Z-Ala-DL-Ala-C02El was obtained as an semi-solid (150 mg, 92 %); single 
spot on tic Rfl 0.58 (CHasrMcOH = 5:1); MS, m/e = 351 (M++1), AnaL Calcd. for 
C17H2206N2-1/3 H2O: C, 57.29; H. 6.22; N. 7.86. Found: C. 57.23: H. 6.36; N. 8.17. 

30 EXAMPLE2 

Z. AIa.AIa.DL.AIa.C02EL This compound was prepared from Z- Ala- Ala-Ala-OH 
using the same procedure as described in Example 1. Hie product was ciystaUized from ethyl 
edier in 23% yield; single spot on dc. » 031 (CRazMeOH = 9:1); mp 143-144 »C; MS. 
ra/e = 421(M+). AnaL Calcd. for C20H27O7N3: C 56.99; H, 6.46: N. 9.97. Found: C. 

35 56.96; a 6.49; N. 9.92. 

EXAMPLE3 

Z.AIa-Ala-DL-Abu-C02EL This conqwund was prepared from Z-Ala-AIa-DL- 
Abu-OH in 11% yield by the procedure described in Example 1 ; single spot on dcRf2= 0.60 
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fC3ia3-2»^H = 9:1): mp 111-113 "C: m/e = 436 (M++1). AnaL CalctL for 
C21H2907N3-1/3 H2O: C 57.13: H. 6.75: N. 9Sl. Found: C 5738: H. 6.82: N. 9.62. 

EXAMPLE4 

2I-Ala-AIa-DL-Nva-C02EL This conqwund was prepared from Z-Ala-Nva-OH in 
5 20% yield by the procedure described iii Exan^jle 1; single spot on flc, Rf 1 = 0.64 

(CHQaAleOH = 5:1): MS. m/e » 450 AnaL Calcd. for C22H3i07N3-H2a C, 

56.51: H. 7.11: N. 8.99. Found: C 56.4^ H. 7.08: N. 9.06. 

EXAMPLES 

Z-Ala-Pro-DL-AIa.C02EL •hus conqwund was prepared fiom Z-Ala-Pto-Ala- 
10 OHLdicyclohc^ylanune in 19% yield by the procedure described in Example 1; single spot on 
. tic. Rf2 - 0.55 (CHasAfcOH- 9:1); MS, m/e - 447<M+). AnaL Calcd. for 
C22H2907N3-1/2 H20: C. 57.88; H. 6.62: N, 9.21. Found: C. 57.65; H. 6.68; N, 9.17. 

EXAMPLE6 

Z-Ala-Ala-A!a-DL-AIa-C02EL The compound was prepared from Z-Ala-Ala-Ala- 
15 Ala-OH in 7% yield by die procedure described in Exan^le 1; single spot on dc, Rf2 =0.40 
(CHdyMeOU = 9:1): mp. 163-165 "C; MS. m/e = 493 (M++1). AnaL Calcd. for 
C23H3208N4-1/2 H2O: C 55.08; H. 6.63; N. 11.17. Found: C. 54.85; H. 6J3: N. 11.14. 

EXAMPLE7 

Bz.DL-Phe-C02Et This compound was prepared from Bz-Phe-OH in 36% yield 
20 by the procedure described in Example 1, oil, single spot on tic, R(2 = 0.61 (CHa3:MeOH = 
9:1): MS, m/e = 325 (M+). AnaL Calcd. for C19H19O4N.I/3 H2O: C, 68.86: H. 5.98; N, 
4.22. Found: C. 69.10; H, 6.09: N. 4.38. 

E3CAMPLE8 

MeO-Suc-Ala-DL-Ala-C02Me. This compound was prepared from MeO-Suc- 
25 Ala-Ala-OH in 22% yield by the same procedure as described in Example 1, except that sodium 
methoxide in medianol was used for enol ester hydrolysis, single spot on tic. Rf^ = 0.43 
(CHClyMdOE = 9:1); MS, m/e » 317 (M++1). AnaL Calcd. for C13H20O7N4.I/3 H2O: C 
48.44: H, 6.46: N. 8.69. Found: C. 48.56; H, 6J9: N, 8.69. 

EXAMFLE9 

30 MeO-Suc-Ala-Ala.Pro.DL-Abu-C02Me. nds compound was prepared from 

MeO-Suc-Ala-Ala-Pto-DL-Abu-OH in 22% yield by the procedure described in Example 8: 
foam, single spot on tic. Rfl = 0.66 (CKayMeOR = 5:1). AnaL Calcd. for 
C22H3409N4-H20: C 51J3: H. 7.02: N. 10.85. Found: C 51.11; H. 7.03; N. 10.88. 

EXAMPLE 10 

35 MeO-Suc-Val-Pro-DL-Phe-COiMe. This compound was prepared from MeO- 

Suc-Val-Pio-Phe-OH in 42% yield by the same procedure as described in Example 8: foam, 
single spot on flc. Rf^ 0J7 (CRClyMeOK = 9:1); MS. m/e = 517 CM+). AnaL Caicd. for 
C26H3508N3-2/3 H20: C 58.96; H. 6!90: N, 7.93. Found: C, 58.92; H. 6.96; N. 7.89. 

EXAMPLEll 
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Bz-DL*Ala*C02-n-Bu« This compound was prepared from Bz*AIa-OH in 45% 
yield by the procedure described m Exaixqile 1, except that n-butyl oxalylchloride was used for 
the Daldn-West xeacdon and sodium n*butoxide in n-butanol was used for enol ester 
hydn)lysis; colorless oil, single spot on dc, Rf2 « 0J2 (OiasiMeOH o 9:1); MS, ^ 
5 (M+). 

EXAMPLE 12 

Bz-DL-AIa-C02BzI« This compound was prepared from Bz-Ala-OH in 26% yield 
by the procedure described in Example l', except that benzyl oxalylchloride was used in place 
of ediyl oxayl chloride and sodium benzyloxide in bem^l alcohol was used for enol ester 
10 hydrolysis: single spot on dc. Rf2 «0.69 (CRayMcOR » 9:1); mp 95-97 **C; MS, m/e = 3 12 
. (M++1). AnaLCalcd for Ci8Hi704N-l/2H^O:C. 67.48: H. 5.66; N. 437/ Founi 
67.78; H 5J5; N. 4.66. 

EXAMPLE13 

Z*Ala<DL-Ala-C02*n-Bu. This compound was prepared from Z-Ala-Ala-OH in 
15 14% yield by the procedure described in Example 1, except that n-butyl oxalyl chloride was 
used in the Dakin-Wcst reaction and sodium n-butoxide was used for enol ester hydrolysis; oil, 
single spot on dc, Rf2 = 0.45 (CHa3:McOH = 9: 1); MS, m/e = 378 (M+). AnaL Calcd. for 
C19H26O6N2.I/3 H2O: C 59.35; H. 7.00; N, 7.29. Found: C. 59.41; H. 7.03; N, 7.10. 

EXAMPLE 14 

20 Z«AIa-DL«AIa-C02Bzi. This compound was prepared from Z*AIa-Ala-OH in 36% 

yield by the procedure described in Example 1, except that benzyl oxalyl chloride was used in 
the Dakin-West reacdon and sodium ben^loxide in benzyl alcohol was used for enol ester 
hydrolysis: single spot on dc, Rf2 « 0.55 iCHCl^'McOK « 9:1); MS. m/e « 413 (M++1). 
AnaL Calcd. for C22H24O6N2: C 64.06; H. 5.87; N, 6.79. Found: C, 63.79; H, 5.95; N, 

25 6.72. 

EXAMPLE15 

Z«Ala*AIa-DL-Abu<C02BzL This compound was prepared from Z- Ala-Ala-Abu- 
OH in 3 1 % yield by the procedure described in Example 1, except that bem^l oxalyl chloride 
was used in the Dakin-West reacdon and sodium benzyloxide in bem^l alcohol was used for 
30 enol ester hydrolysis; single spot on dc, Rf2 » 0.40 (CHC13 AleOH = 9: 1); mp 124-125 "C; 
MS, m/e » 498 (M++1). AnaL Calcd. for C26H3i07N3-2/3 H2O: C, 61.28; H, 6.39; N, 
8.24. Found: C, 61.14; H, 6.65; N, 7.94. 

EXAMPLE16 

Bz-DL-Ala-COOH. The hydrolysis procedure of Tsushima et al. [/. Org. Chan. 
35 49, 1 163-1 169 (1984)1 was used. Bz.DL-Ala-C02Et (540 mg, 12 mmol) was.added to a 
soludon of 650 mg of sodium bicarbonate in an aqueous 50% 2-propanol soludon (7 J mL of 
H2O and 2-propanol) and sdired at 40 ^C under nitrogen. After adding ethyl acetate and a 
saline soludon to die reacdon mixmre, die aqueous layer was separated and acidified widi 2N 
HQ and extracted with ediyl acetate. The organic l^er was dried over magnesium sulfate and 
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the solvent was removed under reduced pressure. TTie crude hydrolysis produa was 
chromatogr^hed on silica gd and duted widj methylene chloride and medianol to obtain an oil 
(150 mg, 31%): single spot on tic, R|* = 0.68 (n-butanoI:acetic acid-pytidine = 4:1:1:21 
AnaL Calcd. for CiiHii04N-3/4 H2O: C 56.28; H, 537; N, 5.97. Fotmd: C. 56.21: K 
5 5.46: 5.66. 

EXAMPLE17 

Z-Leu-DL-Nva-COOEL This (^poond was prepared ftom Z-Leu-Nva-OH in 60 
- %yiddbytheproccduiedescribedinExaniplel:oil,onespotontlc,Rf=0.49 

(CHasrMeOH = 20:1). NMR (CDQa) d: 0.91 (t, 9H), CH3; 1.25 (t, 3H). CHy, 1.38 (q, 
10 2H), OCH2CH3: 1.64 (m. 6H), CH2; 1-85 (m, IH), 01(013)2: 4.34 (m, IH) 

ai2ai(NHCOOOl2Ph)CONH: 5. 12 (d, 3H) tmOVPOCRi and Oai2Ph: 532 (d. IH) 
NH; 6.71 (d, IH) NH: 7.36 (s, 5H) Ph. 

Z-Lett-DL-Nva-cnol ester, the piecnrsor of Z-Leu-DL-Nva-COOEt was synthesized by 
die same procedmc as described in Exaraplc 1 and purified by column chiomaiogRqjhy, oil, 
15 one spot on do. NMR (OXHs) d: 0.96 (t, 9H): 1.25 (t, 3H); 1.41 (t, 2H): 1.54 (m, 4H): 1.72 
(m, 3H): 2.80 (t. 2H); 4.20 (q. 2H): 4.43 (q, 2H); 5.16 (q. 2H): 5.23 (s. IH): 7.37 (m, 5H); 
11.33 (s, IH). 

EXAMPLE 18 

Z-Leu-DL-Phe-COOEt This compound was prepared from Z-Lcu-Phe-OH in 30 
20 % yield by the piocedutc described in Example 1 ; oil, one spot on tic, Rf «= 0.47 

(CEClyMeaH. = 50:1). NMR (CDQs) d: 0.88 (d, 9H), 0012013 and (Ol3)20J; 1.35 (q. 

2H), 0012013: 136 (q, 2H), (Ol3)20IOl201: 3.03 (m. IH). (Ol3)20I; 4.32 (m. 

2H). NHOI(C0)Ol2: 5.08 (s, 4H) Ol2Ph: 5.40 (m, IH) NH: 6.61 (d, IH) NH; 7.31 (s, 
■ 5H)Ph;7.35.(s,5H)Ph. 
::5 Z-Leu-DL-Phc-cnoI ester, the piccuisor of Z-Leu-DL-Phe-COOEt was synthesized by 

the same procedure as described in Ex^nq>Ie 1 and purified by column chromatogr^hy, oil, 

one spot on dc. NMR (ODOs) d: 0.86 (t, 3H): 0.99 (t. 3H); 1.24 (t. 3H): 1.40 (t, 3H); IS2 

(m, 2H); 1.83 (m, 2H): 4.23 (m, 4H);: 4J9 (q, 2H); 5.10 (t. 2H); 5.18 (s, IH): 7.26 (m, 5H): 

7.34 (m.5H); 8.89 (s. IH). " 
30 EXAMPLE 19 

Z-Leu-DL-Abu-COOEL This conqratmd was prepared fiom Z-Leu-Abu-OH in 33 

% yield by the procedtire described in Exanq)le l:dl,onespotondc,Rf =0.66 

(Oia3-J«IeOH = 20:1). NMR (0203) d: 0.96 (t. 9H). 0OI2OI3 and (CH^CH: 1-26 (t. 

3H). Ol2CH2ai3; U7 (q. 2H). 0012013: 1-66 (Q. 2H), (ai3)20ICH201 : 2.00 (m. 
35 IH). 01(013)2: 4.12 (q. 2H) OIOI20J3: 4.34 (nu IH) NHOI(C0NHjoi2OI(Ol3)2: 

5.12 (q, 3H) CH.2Ph and C0NH(Et)OIC0C00: 5.29 (t. IH) NH: 6.79 (d. IH) NH: 7.35 (s. 

5H)Ph. 

Z-Leu-DL-Abu-enol ester, the precursor of Z-Leu-DL-Abu-CXXDEt was syndiesized by 
. the same procedure as described in Example I and purified by column chromatography, oil. 



one spot on tic. NMR (CDC13) d: 0.98 (t. 6H): 1.12 (t, 3H); 124 (u 3H); 1.41 (u 3H): 1.73 
(m, 4H): 2.86 (q. 2H); 4.20 (q. 2H): 4.31 (m. IH): 4.42 (q. 2H): 5.15 (q. 2H); 5.21 (s, IH); 
7.34 (nu5H): 11.29 (s. IH). 

EXAMPIJE20 

5 Ala-DL-Lys-COOEMICL To a solution of N-carbobcnzyloxyalanyl-Nc- 

carbobcnzyloxylysinc (1.88 g, 3.9 mmol), 4-dimethylaininopyridine (21 mg, 0.17 mmol). and 
pyridine (1.0 mL, 12.4 xnmol) in TBF (T mL) was added etfiyl oxalyl cWoride (0.9 mL, 8.0 
nunol) at a laie sufficient to start refloxing. Hie mixture was icfluxedgendy for 3 hr, treated 
with water (4 niLX and sdned vigorously at loona temperature for 30 Themixturewas 

10 extracted widi ediyl acetate, the organic extracts were washed with water, dried over MgS04 
and evi^xjrated to give an oily residue (156 g); To a solution of the enol ester (1.56 g, 2.7 
mmol) in anhydrous ethanol was added dropwise a solution of sodium etfaoxide in ethanol at 
room temperature until the solution tttnu^d dear yellow. Edianol was removed and the residue 
was dissolved in ethyl acetate. Theorganiesolutionwas washed with water, dried over 

15 MgS04, and evaporated to give a residue. This residue was then purified by column 
chromatography and the product was eluted with chloroform-methanoL The solvent was 
removed and Z-Ala-DL-Lys(Z)-C02Et was ob'tained as a hygroscopic powder (328 mg, 16 %), 
single spot on tic, Rf2 « 0 J3 (CHClyMeaa « 9:1); MS, m/e = 542 (M++1). 

N-Carbobenzoxyalanyl-DL-Necaibobcnzoxylysine keto etiiyl ester, Z- Ala-DL-Lys(Z)- 

20 C02Et (328 mg, 0.61 mmol) was deprotected with liquid HF containing anisole at 0 ""C for 30 
min. The HF was removed under reduced pressure. The residual oil was dissolved in absolute 
ethanol. HCH/etiianol was added to tiie solution, and ethanol was removed in vacuo. The 
residue was washed by decantation with cdicr to give a semi solid (216 mg, 100 %); single spot 
on tic (n-butanobacetic add.-pyridineil20 *" 1:1:2). 

25 

EXAMPLE21 

Bz-DL-Lys«COOEMICI. This compound was prepared from Br-DL-Lys(Z)- 
COOEt in 62% yield by the procedure described in Example 20; one spot on tic, Rf* = 037 (n- 
butanokaceric acid.TiyridineJl20 4:1:1:2). The precursor, Bz-DL-Lys(Z)-CCX)Et was 
30 prepared from Bz-Lys(Z)-OH in lOO% yield by the procedure described in Example 1 ; powder, 
one spot on tic, Rf2 = 0.75 (CHa3:NfcOH = 9:1); MS, m/e = 440 (M+). Anal. Calcd. for 
C24H2806N2'2/3 H2O: C. 63.70; H, 6J3; N, 6.19. Found: C, 63.49; H. 6.51; N, 5.92. 

EXAMFLE22 

Bz«DL-Arg*COOEMICI. This compound was prepared from Bz-DL-Arg(Z)- 
35 COOEt in 99% yield by the procedure described in Example 20; one spot on tic, Rf4 « 0.7 1 
(n-butanol:acetic add.Tjyridineii20 = 4:1:1:2), Sakaguchi reagent positive. Bz-DL-Arg(Z)- 
COOEt was prepared fiOiii Bz-DL-Aig(^-OH in 19% yield by the procedine described in 
Example 20, » 0J8 (CHayJMeOH - 9:1): mp 140-142 'C: MS, mfc » 468 (M+). AnaL 
Calcd. for C24H28O6N4: C. 61.53; H, 6.02; N. 11.96. Foun± C 61.96: H, .6.48: N. 12.34. 
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EXAMPLE 23 

H-GIy-DL-Lys-C00Et-2HCI. This compound was prepared from Z-Gly-DL- 
Lys(Z)-COOEt in 92% yield by the procedure described in Example 20; Rf* = 0.21 (n- 
butanolzacetic ad4*pyridineil20 « 4:1:1:2). Z<}ly-DL-Lys(Z)-COOEt was prepared firom Z- 
5 Gly-Lys(Z)-OH in 9% yield by the procedure described in Example 20, one spot on dc, Rf ^ « 
0.68(CHa3AfcOH«5:l):MS.m/e«528(M++l). * 

H-Pro-DL-Lys-COOEt-2HC3. This compound was prepared from Z-Pro-DL- 
Lys(Z)-COOEt in 100% yield by the procedure described in Example 20; one spot on tic (n- 
10 butanolracctic add.T)yridinefl20 « 4:1:12). Z-Pro-DL-Lys(Z)-CC)OEt was prepared ftom 
Z-Pro-LysOT-OH in 15% yield by the procedure described in Example 20; Rf^ « 0.73 
(CHCI3AIeOH=9:l);MS,m/e568 (M++1). 

EXAMPLE 25 

H-Phe-DL-Lys-C00Et-2HCI. This compound was prepared from Z-Phe-DL- 
15 LysCQ-COOEt in 39% yield by the procedure described in Example 20; one spot on dc (n- 
butanotaceric add-pyridineJEO « 4:1:1:2). Z-Phe-DL-Lys(Z)-COOEt was prepared from Z- 
Phe-Lys(Z)-OHas previously described in 9% yield, Rf2 = 0.68 (CHClyM<^H = 9:1); MS, 
mA5 = 482(Mn 

EXAMPLE 26 

20 H-Leu-AIa-DL-Lys-C00Et*2HCL This compound was prepared from Z-Leu- 

AIa-DL-Lys(Z)-COOEt in 52% yield by the procedure described in Example 20; one spot on tic 
(n-butanotacedc aciA'pyridine:H20 « 4:1:1:2). 

Z-Leu-Ala-DL-Lys(Z)-COOEt was prepared from Z-Leu-Ala-DL-Lys(Z)-OH in 5% 
yield by die previously described DaKn West reaction, Rf3 = 0.34 (CHa3:MeOH = 19:1); 

25- MS, m/e = 609 (M+-OCH2CH3). 

EXAMPLE27 

Simple Amino Acid, Di* and Trq)q)dde Enol Esters (General Procedure). A modified 
Dakin-Wcst procedure was used [Charles ct aU /. CAcm. Soc. PerJdn /, 1 139 (1980)] and is 
illustcattd with die synthesis of Z-Leu-DL-Phe-EE. To a stirred solution of Z-Leu-Phe-OH 

30 (6.19 g, 15.0 mmol). 4-dimediyIaminopyridine (0.183 g; IS mmoi) and pyridine (4.75 g, 
4.85 ml, 60 mmol) in tetrahydrofuran (45 ml) warmed 50 °C was added ethyl oxalyl chloride 
(4.30 g, 3.52 ml, 31.5 mmol) at a rate sufiCcient to initiate refluxing. The mixture was then 
heated at a gende reflux for 4 h. After cooling to room cempcramre the mixture was treated with 
water (25 nd) and stirred vigon)usIy at room temperature for 30 rnin. Themixturewas 

35 exnacted widi ediyl acetate (150 ml) and after separation of the organic layer, the water layer 
was samrated widi solid (NH4)2S04 and re-extracted 2-times with 25 ml ediyl acetate. The 
combined organic phases were washed 2-times with 75 ml water, 2-times wiA 50 nil of satd. 
NaCL decolorized with carbon and.dried over MgS04. After eviration of the solvmt, the 
crude enol ester (836 g, 98%) was flash-chromatographed on silica gel and die product was 
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eluted with a AcOEt The solvent was evaporated in vacuo (rotavaporator) and the pure enol 
ester was obtained as a oil (7.22 g, 85%); single spot on TLC, Rf = 0,84, A: 0.68, C. 

Z'Leu-Nva-EE. This compound was prepared ftom Z-Leu-Nva-OH using the general 
procedure and purified by flash chromatography on silica gel using CHCljiMeOH = 50:1 v/v 
5 as elucnt. Yield 95%. single spot on TLC, Rj. » 0,92, C; 0.28 

Z'LeU'AbU'EE. This compound was prepared from Z-Leu* Abu-OH in 78% yield the 
general procedure described above. Purification by flash obramatography on silica geL Eluent» 
CIICljAIeOH « 50:1 v/v, single spot or! ILC. R^ - 0.86, A* 

PhCO-Abu'EE. This compound was prepared from PhCO- Abu-OH in 26% yield by 
10 the general procedure as described above. Purification by flash chromatography <m silica geL 
Buent CHCI3, single spot on TLC. Rj = 0.60, M. . 

(CH3)2CH(CH2)2CO-Abu-EE. This compound was prepared from 
(CH2)2CH(CH2)2CO- Abu-OH m 82% yield by the general procedure as described above. 
Purification by flash chromatography on silica geL Huent AcOEi. single spot on TLC, Rf = 
15 0.72, C 

(CHjCH2CH2)2 CH CO-Abu-EE. This compound was prepared from 
(CH2CR5CH2)2CH CO-Abu-OH in 100% yield by the general procedure described above. 
Purification by flash chromatography on silica geL Elucnt AcOEt, single spot on TLC, R|. = 
0.78, C; 0.81, K. 

20 Ph(CH2)^C0'Abu'EE. This compound was prepared froni Ph(CH2)gC0-Abu-0H in 

86% yield by the general procedure described above. Purification by flash chromatography on 
sUicageL Elucnt AcOEt Single spot on TLC, Rf«0.74,C 

Z'Leu'4'Cl'Phe'EE. This compound was prepared from Z-Leu-4-Cl-Phe-OH in 69% 
yield by the general procedure described above. Purification by flash chromatography on silica 
25 gel. Eluent AcOEt, single spot on TLC, Rf = 0.77, C: 0,78, K. 

Z'Leu'LeU'Abu'EE, Hus compound was prepared from Z-Leu-Leu- Abu-OH in 62% 
yield by the general procedure described above. Purification by flash chromatography on silica 
gel. Element CHCLjd^eOH » 50: 1 v/v. Single spot on TLC, R^ « 0.89, A: 0.75, M. 

Z-Leu-Leu-Phe-EE. This compound was prepared from Z-Leu-Leu-Phe-OH in 60% 
30 yield by the general procedure described above. Purification by flash chromatography on silica 
gel. Eluent CHCI3 AleOH = 50: i v/v. Single spot on TLC, Rj. « 0.80, K: 0.70, M. 

2'NapS02'Leu'Leu'Abu-EE. This compound was prepared from 
2-NapS02-Leu-Abu-OH in 73% yidd by the general procedure described above. Purification 
by flash chromatography on silica geL Eluent AcOEt, single spot on TLC R^ = 0.71, K; 0J4, 
35 C. 

2'NapS02'I^^'I-^^-Abu*EE. TTiis compound was prepared from 
2-NapS0-,-Leu-Leu-Abu-0H in 74% yield by the general procedure described above. 
Purificaticrti by flash chromatography on silica geL Eluent AcOEt: AcOH « 200:1 v/v. Single 
spot on TLC, Rf « 0.69. K. • , 
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Z-Leu-Phe-COOEL Single Amnoacid, Di-and Tripeptide-kaoeaers (General 
Procedure). To a stiired solution of 8^3 g (15.0 mmol) of Z-Leu-Phe-EE in 40 ral anhydrous 
cthanol at room temperature was added dropwise a solution of sodium ethoxide (0.204 g; 3.0 
nunol) in 20.0 ml anhydrous ethanoL The color of the reaction mixture change fiom colorless 
5 or pale yellow to deep yellow or orange dependent on enol-esler. Then the reaction mixture 
was stinted at room tenq)eratare for 4-5 hours, die ethanol was then evirated in vacuo 
(rotavaporator) and the residue treated widi 2^0 ml etiqrl ether (or 200 ml ethyl ti'^t e in the 
case of the tripeptide). The ether (ethyl aipetate) solution was washed with 2 x 75 ml np, 2 x 
75 ml satdNaQ, decolorized with carbon and dried over MgSO^. After evaporation of 
10 solvent, die crude product 6.09 g (89.7%) was flash chromatognphed on silica gel using 
CHQ^: MeOH = 50:1 v/v. Ev^ioration of solvent give "puxe Z-Leu-Phc-COOEt (4.08 g; 
- 58.0%) as a thick oiL Single spot on TLC,R^= 0.60, A; 0.47, M. Mass spectrum, FB-MS 
[(M+1)/Z1 = 469. 

EXAMPLE28 

15 2-Leu-Nva-COOEt. TTiis was prepared by the preceding general procedure. 

Purification by flash chromatography on silica gel, eluent CFLCl^i MeOH = 100:1 v/v, yield 
86.6%. diick, colorless oil. single spot on TLC, = 0.49, A: 037, M. Mass spectnim 
FB-MS [(M+1)/ZJ = 421. 

EXAMPLE 29 

20 Z-Len-Abu-CGOEt This was prepared by the preceding general procedure 

Purification by flash chromawgraphy on silica gel eluent CHCly yield 82%, thick, pale 
yellow ofl, single spot on TLC = 0.66, A. Mass spectrum, Q-MS [(M+l)/Z] = 407. 

EXAMPLE 30 

PhCO-Aba-COOEL This was prepared by die preceding general procedure. 
25 Purification by flash chromatography on silica gd, daentOia^MeOH = 50:1 v/v, yieM 
83%, oil, single spot on TLC R^ « 0.44, M. Mass spectrum, M/Z 263 (M*); a-MS, 264 
.((M+l)/Z). 

EXAMPLE31 

(CH3)2CH(CH2)2CO-Abu-COOEt. This was prepared by die preceding general 
30 procedure. Purification by flash chromatography on silica gel, eluent AcOEt, yield 43%, oil. 
single spot on TLC R^ = 036. C Mass spectrum EI-MS M/Z 257 (M*); FB-MS, [(M+1)/ZJ 
= 258. 

EXAMPLE32 

CH3C:H2CH)2CHCO.Abu.COOEL This was prepared by die preceding general 
procedure. Purification by flash chromatography on silica gel, eluent CHCI3 AfcOH = 50: 1 
v/v. diick. yellowish oiL yield 66%, single spot on TLC Rf = 0.80, C 0.66, M. Mass 
spectrum E^MS M/Z = 285 (M*); a^iiKM4-l)/ZI = 286. 

E36^MPIJE33 
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Ph(CH2)gC0.Abu.C00EL Tlus was prepared by the preceding general 
procedure. Purification by flash chromatography on silica gel, eluent CHCLuMeOH = 50:1 

v/v.yicld64%.palcyeUowoa.singlespoton1LC Rf=0.29.M. Mass spectrum EI-MS 
M/2 o 347 (M*). FB-MS, [(M+IVZ] = 348. 

^ EXAMPLE34 

Z.Leu-|.a.Phe.COOEt This was prepared by the preceding general procedure. 
Purification by flash chromatography on plica geU cluem AcOEt. yield 10)%. colorte^ 
singlespoton1LCRf-0.71.C Mass spectrum FB-MS M/Z=503(M*). 

EXAMPLE35 

10 Z-Uu-Leu-Abu-COOEt Hiis was prepared by the preceding gcncial procedure. 

Purification by flash chromatography on silica gel. eluent CHCljJ^eOH = 50:1 v/v, yield 
79.2%. veiy thick, coloiless oU. single spot on TLC. = 0.28. M. Mass spectruiii FB-MS 
[(M+1)/ZI = 520. ^ . o. 

EXAMPLE36 

Z.Leu.L«u.Phe.COOEt This was prepared by die preceding general procedure. 
Purification by flash chromatography on silica gel. eluent CHClj AfeOH = 50: 1 v/v, yield 
33%. oiU single spot on TLC = 0S6. M Mass spectrum. FB-MS. [(M+l)/Z] 1 582. 

EXAMPLE 37 

2.NapS02-Leu.Abu.COOEt. This was prepared by die preceding general 
procedure. Purification by flash chromatography on sflica gel. eluent CHCL:MeOH « 50:1 

v/v.yicld38%.thickoil.singlespotonTLC.R. = 0.71.K:0J4.A. Mas?spectrum FB-MS 
[(M+l)/ZJo463. 

EXAMPLE 38 

2.NapS02.Leu.Leu.Abu.COOEt. TTus was prepared by die preceding general 
procedure. location by flash chromatography on silica gel. eluent AcOEt:AcOH = 200:1 
v/v. yield 61%. semi-soUd. single spot onlLC. - 0.67. K. Mass spectrum FB-MS 
[(M+1)/Z1 = 576. 

EXAMPLE39 

Z-Leu-Met-COiEL This compound was prepared by the above procedure. Yellow 
oil. single spot on TLC. Rf - 0.52 (CaJOj.-O^OHoSO: 1). yield 46% (from dipepride). MS 
(FAB)454(m+l). k-i- / 

EXAMPLE40 

Z.Leu.NLeu-C02Et This compound was prepared by the above procedure. Pale 
yeUow oil single spot on TLC Rf - 0J7 (CHa3.-CH30H = 50: 1 ). yield 53% (from 
35 dipepride). MS (FAB) 434 (m+1). 

EXAMPLE 41 

Synthesis cf n-ButylOxalyt Chloride. TWs was prepared by a Uteramre procedure 
[Warren and Malee. /. Chromat. 64. 219-222 (1972)]. N-Bntanol (0.1 moL 7.41 g) was 
added dropwise to oxalyl chloride (0.5 moL 63.5 g) at -10 "C After die addition was • 
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completed, the leacdon mixture was stined for 20 miiL at rx and distilled, giving 15.0 g 
(91.18 moL 91%) of the product n-butyl oxalyl chloride, bp 58-60 (0.6 mm Hg). 

Z*Leu-Phe-C02BtL This compound was prepared fiom Z-Leu-Phe-OH and butyl 
oxalyl chloride in 43% yield by the procedtnc described for the synthesis of Z-Leu-Phe-CO-,Et. 
except that butyl oxalyl chloride was used in place of ethyl oxalyl chloride and sodium 
bu^Ioxidc in butanol was used for cnol ester hydrolysis. Single spot on TLC, = 0 J4 
(GHOjrCHjOH « 50:1) MS(FAB) m/e « 497 (m+1), NMR (CDCI3) ok. 

EXAMPLE42 

Z-Leu-Abu-C02Bu« This compound was prepared by the above procedure. Single 
spot on TLC = 0 J3 (CHOj.-CI^OH = 50: 1 ), yield = 36%. pale yellow oil, MS (FAB) 
m/e « 435 (M+1), %NMR (CDCI3) oL 

EJCAMPUE43 

Symhesis of Benzyl Oxalyl Chloride. Benzyl alcohol (0.15 moL 16 g) was added 
dropwise to oxalyl chloride (0.75 moL 95 g) at 5-10 ^'C After the addition was complete, the 

15 reaction was stirred for 20 min. at r.L The excess oxalyl chloride was distilled and recycled. 
Then the mixture was disdlled under vacuo, giving 26 g (0.12 moL 86%) of bengal oxalyl 
chloride, bp. 110-112 ''C (0.6 mm-Hg). H^NMR (CDa^) 7.39 (s.5H), 5J3 (s. 2H). 

Z-Leu-Phe-C02BzI. This compound was prepared from Z-Leu-Phe-OH and 
benzyl oxalyl chloride in 17% yield by the procedure described in the synthesis of 

20 Z-Leu-Phe-COjEt, except that benzyl oxalyl chloride was used in place of e±yl oxalyl chloride 
and sodium benzyloxide in benzyl alcohol was used for enol ester hydrolysis. Single spot on 
TLC Rf « 0.63 (CHClyCHjpK « 50:1). Pale ycUowsoIid. mp 117-1 19 '^C MS(FAB) m/e 
=:532(m+l).H^NMRoIc 

EXAMPLE44 

25 Z-Leu-Abu*C02BzI. This compound was prepared by the above procedure. 

Single spot on TLC R^ « 031 (CHC^j.-CHjOH = 50:1), pale yellow oil, MS(FAB) m/c « 469 
(m+l), yield = 26%. 

EXAMPLE45 

Z-Leu-Phe«COOIL Dipeptide Ketoacids (General Procedure). To a sdrred soludon 
30 of 0S3g (1.13 mmol) Z-Leu-Phe-COOE^ in 6,0 ml methanol was added 1.27 ml (1.27 mmol) 
IM NaOHl The color of the reaction mixture turned dark yellow and a small amount of solid 
was deposited. The reaction was run at room temperature and progress of the hydrolysis was 
chedcedonTLC After 24h.no more substrate was detected The reaction mixture was 
chilled in one ice bath at5 acidified with IMHCl to pH^ 3 and extracted witii AcOEt (2 x 
35 50 mL). The orgaruc extract were washed with 2 x 50 ml H^O and if necessary, decolorized 
with carfjon and dried over MgSO^. After evaporation of the solvent (rotavaporator), the 
residue (thick oil) were titurated with 2 X 25 rnln-hexane arid dried in vacuo. 'neld6.39g 
(78%) of colorless, very thick oil. TLC main spot at R^ a 0.24, trace of imptnity at R^ = 
0.78, L Mass spectrum, EB-MS [(M+1)/ZJ « 441. 
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EXAMPLE46 

«^ . ^^"•^•'"-COOH- confound was prepar«I from Z-L-Lcu-Abu-COOEt in 
83% yield by the general procedure as described above: TLC main spot at - 0 14 trace of 
unpunty at Rf = 0.73. L Mass spectnim. FB-MS ((M+D/ZJ - 379. 
^ Exan9le47 

Z.Lea.Phe.CONH.Et To a stirred solution of 2^Leu-Phe-OH (20 g. 483 nunole). 
4-dunethyIanunoRyridine (0J87 g. 4.8 mmoIe).and pyridine (15.7 ml. 194 mmolc) in 
anhydrous TOF (100 ml) was added ethyl oxalyl chloride (1 U ml. 101.8 mmole) at a rate 
suffiaenttoinidatcrefluxing. TTJemixtnns was gendyrefluxed for 4 hours, cooled to room 
t«npcran«. and water (80 ml) was added. THe reaction mixture was stintdvigoiously for 30 
inin.andcxiractcdwtthethylacctate(3xl00ml). TTie combined organic layers wem washed 
w«h water (2 X 100 ml), saturated sodium chloride (2 x 100 ml), decolorized with decolorizing 
carbon, dried over magnesium sulfate, and concentrated. leaving a dark orange oiL 
Chromatography on a siUca gel eolmnn with CIiayCHsOH (50:1 v/v) afforded 14.63 g (y = 
53 %) of Z-Leu-Phe-cnolester. Tlie product was a yeUow ofl. Single spot on 1LC Rr - 0 77 
(CHCL3/CH3OH50:l). NMR(CDa3)ok. ' 

To a stirred pale ycUow solution of the Z-Lcu-Phe^olester (14.63 g. 25.73 mmole) in 
anhydrous ethanol (50 ml) was added a solution of sodium ethoxide (0. 177 g. Z6 mmole) in 
cthanol (5 ml). The orange solution was stirred for 3 hours at room temperature, then the 
ethanol was evaporated and the residue was treated with ethyl ether (300 ml). The ether layer 
was washed with water (2 x 100 mi), saturated sodium chloride C x 100 ml), dried over 
magnesium sulfate, and concentrated, leaving a orange oiL Chromatography on a sflica gel 
column with CHayCHaOH (50:1 v/v) afforded 7.76 g (y = 64 %) of the a-ketoester Z-Leu- 
Phe-COOEt The product was a yellow OiL Single spot on TLQRf- 0.44 (CHas/CHgOH 
50:1). NMR(CDa3)ok. MS (FAB. calcdforCaeHasNzOfi: 468.6), m/e- 469 (M+1). 

•njea-carfranylgrDupofZ-Lea-Phe-CCKDEtwaspiDtectedbyfonowingprocedure A 
solutionofZ.Ii5u-Phe<:OOEt(lg.2.13minole)in5mlofCH2a2wasaddedl.2- • 
ethanedithiol (0.214 ml, Z5S mmole), followed by 03 ml of boron trifluoride cdierate. TTie 

solution was stilted overnight at room temperature. Water (20 ml) and ethyl ether CO na^ 
added. The organic layer was separated, washed widi water (2 x 10 ml), sanirated sodium 
chloride (2 x 10 ml), dried over magnesium sulfate, and evaporated to afford 0.98 g (y = 84 %) 
yellow semisolid. 

The protected a-ketoester (0.98 g. 1.8 mmole) was dissolved in edianol (5 ml), cooled 
to 0-5 -C in a ice bath, and ediylamine was bubbled dirough die solution until 2.43 g (54 
mmole) had been added. Hie reaction mixture was aUowed to warm to loom temperature 
slowly, and stirred overnight The mixmre was filtered, a white precipitate was removed, 
leaving a yeUow semisolid. ChromatograjAy on a silica gel column widi CHasASIsOH (30:1 
v/v) afford 0.63 g(y = 75 %) of ZieoJ»he-CONH-ELTTie product was a pale yellow solid. * 
Single spot on TLC Rf = 0.60 (CHasCHsOH 20:1); mp 145-147 "C AnaL calcd for ■ 
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C,6H33N305: 467^6: C. 66.79: H. 7.11; N.8.99; found: C 66 J9: H. 7.09: N. 8.95. NMR 
(CDCI3) ok. MS (FAB) m/c = 468 (M+1). 

Exanq)le48 

Z-Leu-Phe-CONH-nPr. This componnd was synthesized fiom the protected o- 
5 ketoester and propylainine ill 92% yield the proccdore Single 
spotonTLCRf =030(CHa30l30H50:l);mp 152-153 »C. AnaL calcd. for 
C27H35N3O5: 481 J7: C 67J3; H, 7.33; N, 8.72. Found: C. 67.21; H. 7J8: N. 8.64. 
NMR (CDa3) dt MS (FAB) m/e = 482 (M+1). 

Exainple49 

10 Z-Leu-Phe-CONH-nBu. This conqxnind was synthesized fiom the protected a- 

ketoesteraiidbulylanune in 67% yield by the pibceduiedesciibed in Example 47. Singlespot 
on TLC, Rf = 0 JO {CRCljfCHzOE. 50:1); mp 152-153 "C AnaL calcd. for C28H37N3O5: 
495.59: C 67.85; H, 7 J2: N. 8.48. Found: C 67.70; H. 7J7: N, 8.43. NMR (CDQs) ok. 
• .MS(FAB)m/e = 496(M+l). 

15 Example 50 

2^Leu-Pbe-C0NH<iBu. This conqmund was synthesized from the protected a- 
ketoester and isobuQ'Iamine in 53 % yield by the procedure described in Example 47. Single 
spot on TLC Rf = 0.54 (CHQsOIsOH 50: 1); mp 152 »C. AnaL calcd. for C28H37N3O5: 
495 J9: C. 67.85; H, 7 J2; N. 8.48. Found: C, 67.77; H, 7.56; N. 8.40: NMR (GDQs) ok. 

20 .MS(FAB)ni/e«496(M+l). 

Example 51 

2^Leu-Phe-C0NH<-Bzl. This compound was synthesized from die protected a- 
ketoester and ben2ylamine in 40 % yield by the procedure described in Example 47. After 
leacdng overnight, ethyl acetate (60 ml) was added. The mixture was filtered to remove a white 

25 piecq)itate. The solution was washed widi cooled 1 N HQ P x 25 ml), water (1 x 20 ml), 
satumted sodium chloride (2 x 20 ml), and dried over magnesium sulfate. The solution was 
evaporated leaving a yeUow solid. Chromatogt^hy on a silica gel column widi 
C3IC13/CH30H 30:1 v/v) afforded a yellow solid. Single spot on TLC, Rf = 0.45 
(CHCl^CKjlOK 30:1); mp 160-162 "C AnaL calcd. for C31H35N3O5: 529.61; C 7030: H. 

30 6.66; N. 7.93. Found: C, 70.18: H. 6.67; N, 7.99. NMR (€003) ok. MS (FAB) m/e = 530 
(M+1). 

Example 52 

Z»Leu*Phe*CONH«(CH2)2Fh. This compound was synthesized fiom the 
protected a-keioester and phenediylamine in 50 % yidd by the procedure described in Example 
25- 5L Singlespot6nTLCRf»0.50(CHa3/CH3OH30:l);mp 151-153 'C AnaL calcd. for 
^32H37N305: 543.66; C 70.70: H. 6.86: N, 7.73. Fbun± C, 70J4: H. 6.88: N, 7.74. 
iNMR (0x33) ok. MS (FAB) m/e = 544 (M+1). 

Example 53 
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Z-Uu-Aba-CONH-Et This compound was synthesized from protected a- 
kctoester derived fiom Z-Lcu- Abu-CXhEt and ethylamine in 64 % yield by the ptoccduic 
described in Example 47. Single spot on TLC.Rf= 0.36 (CHas/CHsOH 50: 1 ): mp 130-132 
"C. Anal, calcd. for CaiHsiNsOs: 405.45: C, 62.20: H. 7.71: N. 10J6. Found: C, 61.92:" 
5 H, 7.62: N, 10.3 1. NMR (CDO^) oL MS (FAB) m/e - 406 (M+1). 

Example54 

Z-Uu-Abu-CONH-nPr. This, compound was synthesized from the concsponding 
protected a-ketoester and propylamine in 47 % yield by the procedure described in Example 
47. SinglespotonTLCRf-0.28(CHa3/CH3OH50:l):mp 134.135'»C. Anal. calcd. for 
10 C22H33N3O5: 419J0: C 62.98: H, 7.93: N. 10.02. Foun± C. 62.84; H. 7.97; N. 9.94. 
. NMR(CDa3)ok. MS(FAB)m/e-420(M+i). • 

Example 55 

Z-Uu-Abu-CONH-nBu. This compound was synthesized from the corresponding 
protected a-kctoestcr and butylamine in 42 % yieU by the procedure described in Example 47. 
15 Single spot on TLC. Rf « 0J4 (CttayKJH^OH 50:1): mp 135-136 'C. AnaL calcd. for 
C23H35N3O5: 433.53: C. 63.71: H. 8.13: N. 9.69. Fbun± C. 63.48: H. 8.07: N. 9.67. 
NMR (CDa3) ols- MS (FAB) m/c = 434 (M+1). 

Example 56 

Z-Leu-Abu-CONH-iBu. This compound was synthesized from the corresponding 
20 protected a-ketoester and isobutylamine in 65 % yield by die procedure described in Example 
47. Single spot on TLC. Rf = 025 (CaCl^/Ca^Oli 50:1); mp 133-135 »C. Anal, calcd. for 
C23H35N3O5: 433.52: C. 63.72: H. 8.14: N. 9.69. Found: C. 63.46: H. 8.10: N, 9.60. 
NMR (CDa3) ok. MS (FAB) m/e = 434 (M+1). 

Example 57 

25 Z-Leu-Abu-CONH-BzL TTiis compound was synthesized from die corresponding 

protected o-fcctoc5tcr and bciKylaminc in 29 % yield by the procedure described in Exaihple 
51. Single spot on TLC. Rf = 0.56 (CHQs/CHsOH 30:1); mp 140-141 "C. AnaL calc± for 
C26H33N3O5: 46734; C. 66.79; H, 7.1 1; N. 8.99. Found: C. 66.65; H. 7.07; N. 8.93. 
NMR (CDa3) ok. MS (FAB) ra/e = 468 (M+1). 

30 ' Exanq)Ie58 

Z-Lea-Abu-CONH-(CH2)2Ph. This compound was synthesized from die 
corresponding protected a-ketoester and phenethylamine in 51 % yield by the procedure 
described in Example 51. Single spot oh TLC Rf=. 0^44 (CHas/CHsOH 30:1): mp 156-157 
»C. AnaL calcd. for C27H35N3O5: 481.59: C. 67.34: H. 7J3: N. 8.72. . Found: C. 67.38: 

35 H. 7 J3: N. 8.78. NMR (0x33) ok. MS (FAB) m/e = 482 (M+1 ). 

Example 59 

Z-Leu-Abu.CONH-(CH2)3-N(CH2CH2)20. TTiis compound was synthesized 
from protected a-ketoester and 4(3-aminoprppyI)morpholine in 33 % yield by die procedure 
described in Example 47, After reacting overnight, ethyl acetate (80 ml) was added. - The 
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mixtuie was filtered to remove a white precipitate. The soludon was washed with water (3 x 20 
ml), saturated sodium chloride (2 x 20 ml), and dried over magnesium sulfate. The solution 
was evaporated leaving a yellow oiL Chromatography on a silica gel column with 
CHa3/CH30H (10: 1 v/v) afforded a yellow semisolid, which was lecrystallized from ethyl 
5 acetate/hexane to obtain a pale yellow solid. Single spot on TLQRfe 0.42 (CHas/CHsOH 
10:1); mp 125-126 AnaL calcd. for C26H40N4O6^ 504.63; C, 61.88; H. 7.99; N. 11.10, 
Found: C, 61,69: H, 7,95; N, 1 1.07. NMR|(CDa3) ok. MS (FAB) m/c = 505 (M+1). 

Example 60 

Z-Leu-Abu-CONH-(CH2)7CH3^ This compound was synthesized from the 
10 corresponding protected a-ketoester and octylamine in 67 % yield by the procedure described 
in Example 51. It was white solid. Single spot on.TLC,Rf= 0,55 (0103/013011 30:1); mp 
134-135 *C. AnaL calcd. for C27H43N3O5: 489,66; C, 66.23; H. 8.85; N, 8.58. Found: C, 
66.19: H, 8.81: N, 8.61. NMR (COai) ot MS (FAB) m/c = 490 (M+1). 

Example 61 

15 Z-Leu-Abu-CONH-(CH2)20IL This compound was synthesized from the 

corresponding protected a-ketoester and edianolamine in 29 % yield by the procedure described 
in Example 59. The product was a white sticky solid. Single spot on TLC, Rf = 0.42 
(C3ia3/C3l30H 10:1); mp 151-153 *C. Anal: calcd. forC2iH3iN306: 421.49; C; 59.84; H. 
7.41: N. 9.97. Found: C, 59.11; H. 7.44; N, 9.81. NMR (CDCls) ok. MS (FAB) m/e « 422 

20 (M+1). 

Example 62 

Z-Lcu-Abu-C0NH.(CH2)20(CH2)20H. This compound was synthesized 
from the corresponding protected a-ketoester and 2-(2-aminoethoxy)cthanol in 34 % yield by 
the procedure described in Example 59. The product was white sticky solid. Smgle spot on 
25 TLC, Rf = 0.42 ((3ICl3/ai30H 10:1); mp 103-105 AnaL: calcd. for C23H35N3O7: 
465.55; C. 5934; H. 7.58; N, 9.03. Foun± C. 59.23: H. 7J8; N. 9.01. NMR iCDCl^) ok. 
MS (FAB) ra/e = 466 (M+1). 

Example 63 

Z-Leu.Abu-C0NH-(CH2)i7CH3. Tliis compound was synthesized from the 
30 corresponding protected a-ketoester and octadecylamine in 12 % yield by the procedure 
. described in Example 51. The product was a pale yellow solid. Single spot on TLC, Rf=s 
0J4 (CHa3/CH30H 30:1); mp 134-136 "C Anal: calcd. for C37H63N3O5: 629.92; Q 
7035: H. 10.08: N, 6.67. Found: C, 70.71; H. 10.14; N, 6,75. NMR (0^03) ok. MS 
(FAB) m/e = 630.2 (M+I). 
35 Example 64 

Z.Leu.Abu.C0NH.CH2-CgH3(0CH3)2. This compound was syndiesized from 
the concsponding protected a-ketoester and 3^-dimethoxybenzylamine in 45 % yield by the 
procedure described in Example 51. The product was yellow sticky solid. Single spot on 
TLCRf =0.44 (CHOs/CHsOH 30:1); mp 153.155 Anal.: calcd. for C28H37N3O7: 
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527.62: C. 63.74: H, 7.07: N. 7.96. Foun± C 63.66: H, 7.09: N. 7.92. NMR (CDQ,) ok 
MS (FAB) mit » 528.8 (M+1). 

Example 65 

Z.Leu.Abu.CONH.CH2.C4H4N. This compound was synthesized from the 
5 corrcspondingprotectcda-km»t<Tand4-(aminomethyl)pj^ 

pioccdurBdcscribedmExample59. The product was greenish yeUow solid. Singlcspoton 
•ILC. Rf = 0.55 (CHasOIaOH 10:1): ipp 124-126 ^ Amd: calcd. for C25H32N405- 
468J5: C 64.08: a 6.88; N. 11.96. Found: C. 63.88; H. 6.87: N. 11.96. NMR(CDa,) 
ok. MS(FAB)m/ea469(M+l). 

10 

It is obvious that those sidlled in the m nlay iuke modifications to ^ 

without depaning fiora the spirit of the invention or the scope of the subjoined 
equivalents. 
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Table L Inhibition of serine proteases by peptide ketoesien and ketoacids.a 

Compounds KioxM) " ' 

HLE PPE CathepinG Chymotrypsin 
Bz-DL-Phe<SDOEt ' T- 



Bz-DL-Ak-OOOEt 


'640 


590 


Bz-DL-AIa-COOH 


3100 


3200 


Bz-DL-Ala-COOBd 


19 


23 


Bz-DL-AIa-COO-n-Bu 


260 


Nib 


Bz-DL.AIa.COOai2-C6H4-CF^ (para) 


81C : 


lie 


ZrA]a-DL>Ak-aX)Et 


100 


210 


Z-Ala-DL-Ala-O0O-/t-Btt 


250 


80 


Z-A]a-DL-AIa-aX)B2l 


46 


11 


McO-Suc-AIa-DL-Ala-COOMc 


470C 


520C 


Z-AIa-AJa-DL-AIa-COOEt 


1.3 


0.65 


Z-Ala-AIa-DL-Nva-COOEt 


0.52 


0.36 


Z-AIa-Pro-DL-AIa-COOEt 


2.8 


2.4 


Z-AIa-AIa-DL-Abu-COOEt 


0.12 


0.15 


Z-AIa-Ala-DL-Abu-COOBzl 


0.09 


0.08 


Z-Ala-AIa-DL-Abu-COOCH2-C6li4-CF3 


0.08 


0.33 


ftara) 






McO-Suc-VaI-Pro-DL-Phe-CXX)Me 






Z-AIa-AIa-AIa-DL-AIa-COOB 


0.3 


0.14 


MeO-Suc-Ala-Ala-Pto-DL-Abu-aX)Me 


0.42 


0.93 



1.1 -lie 



ainhibition consmts were measured in 0.1 MHepes. 0.5 MNaa pH 7.5 buffer. 9 % .MwSO and at 
250Q 

bNoinhibition- 
''Nbncomperitive inhibition. 
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Table IH InhibitioR of cysteine proteases by peptide ketoesters and ketoacids. 



Compounds (pM) 



Papain^ CathepsinB^ CaipainF Calpainlic 



Z-Leu-Abu-COOEt 






0.04 0.4 


Z-Leu.Hie<:OOEt 






0.23 0.4 


Z-Leu-NIe<:OOEt 






0.12 0.18 


Bz-DLrPhe-COOEt 


500d 


64 




Z-PheJ)L-Phe^OOEt 


1.8 


0.1 




Z-Phe-DL-Ala-COOEt 


3.6 


3.2 




Z-AIa-Ala-DL-Ala-COOa 


IJ 


2.2 


200 


Z-Ala-Ala-DL-Abu-COOEt 


0.9 


10 


50 200 


Z-AIa-Ala-DL-Abu-COOBd 


30 


60 




Z-Ala-AIa-DLrNva-CXX)Et 


30 


0.1 




Z-A]a-Pro-DL.AIa-aX)Et 


26 


66 




AfeaSuc-Val-Pro-DL-Phc-COOMe 


1.1 
2.9d 


0.1 




Z-Ala-Ala-AIa-DL-Ala-COOa 


2.1 


10.0 




MeC>-Suc-Ala-AIa-PR>-Abu-O0OMe 


0.7 


6.0 


100 


^Inhibidon constants were measured in O.QS M Tiis-HQ, pH 7.5 buffer . containing 2 mM 



EDTA, 5 mM qrsteinc (freshly prcpaitd), 1 % MC2SO, and at 25 **C Ntt-Benzoyl-Arg-AMC was 
used as a substrate. 

blhhibirion constants were measured in 88 mM KH2PO4, 12 mM Na2HP04, pH 6,0 bu£fcr , 
containing 133 mM EDTA, 2.7 mM cysteine (freshly prepared), and at 25 *C Z-Arg-Arg-AFC 
was used as a substrate. 

c^Inhibition constants were measured in 20 mM Hepes, pH 7.2 buffer , containing 10 mM CaCln* 
10 mM P-mercaptocthanoL and at 25 ''C Suc-Leu-Tyr-AMC was used as a substrate. 
^Inhibidon constants were measured in 50 mM Tris-HClt pH 7 J buffer , containing 20 mM 
EDTA, 5 mM qrsteine, 9 % MC2SO, and at 25 •C N^Bcnzoyl-Aig^^TA was used as a substrate. 
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What is claimed is: 

1 . A conqxjond of the fonnula: 

Mi-AA-NH.CHR2-CO-CX)-NR3R4 
or a phannaceuticaUy accqitable salt, wherein 
5 Ml represents H, NH2-CO-. NH2-CS-. NH2-SO2-. X-NH-CO-. X-jN-CO- 

X-NH-CS-. X2N.CS., X.NH.SO2-. X2N-SO2-. X-CO-. X-CS-. X-SO2-. X-O-CO- or 
X-CM:S.; , v^.or 

X is selected fiom the group consisting of Cmq alkyl. Cmq fluoioalkyl, Cmq aOcyl 
subswuted with J, Ci.io fluoroalkyl substioited with J. l-admantyl, 9-nuorenyl. phenyl. 
10 phenyl substituted with K, phenyl disubstimted with K, phenyl trisubstimted with K. naphthyl. 
naphthyl substituted with K. naphthyl disubstittited with K, naphthyl trisubsti 
Ci-io alkyl with an attached phenyl group. Cmq alkyl with two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substimted with K, Cmq alkyl with two attached' 
phenyl groups substituted with K. Cmq alkyl with an attached phenoxy group, and Cmq 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected fiom the group consisting of halogen, COOH, OH, CN, NO2. NH2, Ci. 
10 aflcoxy. Ci-io alkylamine. C2.12 dialkylamine, Cmq alkyl-O-CO-. Cmq alk^l-O-CO- " 
NH-.andCi.ioalkyl-S-: 

K is selected from the group consisting of halogen. Cmq alkyl. C^o pcrfluoroalkyl, 
Clio alkoxy, NO2, CN. OH, CO2H. amino. Ci.jq alkylamino. C2.12 dialkylamino, Cj- 
Cio acyl. and Cj.io alkoxy-CO-, and Ci.io alkyl-S-: 

AA is a side chain blocked or unblocked amino acid widi the L configuration. D 
configuration, or no cWndity at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine. glutaminc. asparric acid, 
glutamic add, lysine, aiginine, histidine. phenylglycine. beta-alanine. norleucine. norvaline. 
alpha-aminobuQdc add, epsilon-aminocaproic acid. citrulline,hydioxyproto^ ' 
homoaiginine. sarcosine, indoline 2-carboxylic add. 2-a2etidinecarboxylic add. pipecolinic 

add (2-piperidine carboxylic add). O-methylseiine. O^ylscrine, S-methylcystem^ 
cthylcysteine. S-bcnzylcystdne, NH2-CH(CH2CHEt2H:OOH. alpha-aminoheptanoic acid. 
NH2.CH(CH2.1-napdiyl).COOH. NH2<H(CH2-2.napdiyl)-COOH. NH^-CH(CH2- 
cyclohexyl).COOH;hW2-CH(ai2-cyclopeniyIK:oOH.NH2-CH(ai2-<^lobu!^^ 
NH2-CH(CH2-cycloproRyl)-COOH, trifluorolcucine. and hcxafluoroleucine: 

R2 is selected from the group consisting of Ci.g branched and unbranched alkyl. C1.8 
branched and unbnmdied cyclized alkyl, and C^g branched and unbranched fluoroalkyl: 

R3 and R4 are selected independcndy fiom the group consisting of H. C1.20 alkyl. Cj. 
20 cyclized alkyl, Ci.20 alkyl widi a phenyl group attached to the C1.20 alkyl. Ci.20 cyclLed 
alkyl widi an attached phenyl group, C1.20 alkyl with an attadied phenyl group substimted 
with K. C1.20 alkyl with an attached phenyl group disubsrituttd with K. Ci.oq alkyl widi an 
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attacfacd phenyl group tiisubsrimted with K, C1.20 cyclized alkyl with an attached phenyl 
group substimted widi K, Cj.io with a moiphoiinc [-N(CH2CH2)OJ ring attached 
through nitrogen to the alkyl, Cj.iq alkyl with apq)eridine ring attached through nitrogen to 
the alkyU C^.^q slkyl with a pyrrolidine ring attached through nitrogen to the alkyl« Cx_20 
5 alkyl with an OH group attached to the aDcyl, -CH2CH:20CH2CH20Ii Chq with an attached 
4-pyridyl group, Cuo with an attached 3-pyridyl group, Ci-iq with an attached 2-pyridyl 
group, Ci^^io with an attached cyclohexyl (group, -NH-CH2CH2-(4-hydroxyphenyl), and - 
NH-^2CH2-(3-indolyI). 
2. A compound of die fonnula: 
10 M1.AA2-AA1-CO-NR3R4 
or a phannaceudcally accq)table salt, wherein 

Ml represents H, NH2-00-. NH2-CS-, NH2-SO2-, X-NH-CO-, X2N-CO., 
X-NH-CS-, X2N<S-. X-NH-SO2-. X2N-SO2-. X-Ca. X-CS-. X.SO2-. X-O-CO-, or X- 
0-CS-; 

15 X is selected ficom the group consisting of Ci-io alkyl. Ci-io fluoroalkyl, Ci-io alkyl 

substimted with J, Ci-io fluoroalkyl substituted widi J. 1-admantyl, 9-fluorenyl, phenyl, 
phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstitutcd with K, naphthyl. 
naphthyl substituted with naphthyl disubstituted with K. naphthyl trisubstituted with K. 
Ci-io alkyl with an attached phenyl group, Ci-io alkyl with two attached phenyl groups, Ci- 
20 10 alkyl widi an attached phenyl group substituted witii K, Ci-io alkyl widi two attached 
phenyl groups substituted witii K, Cmq alkyl witfi an attached phenoxy group, and Ci-io 
alkyl with an attached phenoxy group substitotcd with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH. OH, CN, NO2. NH2, Ci- 
• 10 alkoxy, Ci-io alkylamine, 02-12 diallgrlamine, Cmq aDcylO-CO-. Ci-io aJkyl-OCO- 
25 NH-,andCi.ioaIkyl-S-; 

K is selected from the group consisting of halogen. Ci.iq alkyl, Ci.iq perfluoroallgrl. 
Ci.io alkoxy, NO2, CN, OH, CO2H. amino, Cj.io allqrlamino, C2-12 dialkylamino, Ci- 
Cio acyl and Ci.iq alkoxy-CO-. and Cuo allgrl^-; 

AA 1 is a side chain blocked or unblocked amino add witii the L configuration. D 
30 configuration, or no chiraK^ at tiiea^aibon selected from die group consisting of alanine, 
valine, leucine, isoleudne, proline, methionine, methionine sulfoxide, phenylalaiune. 
tryptophan, serine, threonine, qrstdne. tyrosine, asparaginc, glutantine, aspartic acid, glutamic 
acid, lysine, argininc. histidinc, phenylglydne, beta-^alanine, norleucine. norvaline, alpha- 
aminobutyric acid, epsilon-aminocaproic acid, dtrulline, hydroxyprolinc, omitiiine. 
35 homoargininc, sarcosine, indoline 2-cariK)xylic acii 2-azetidinecarboxylic acid, pipecolinic 
add (2-pq>eridine carboxylic acid), O-metiiylserine, O-edylscrine. S-metiiylcystcine, S- 
etiiylqrsteine. S-benzylcysteine. NH2-CH(CH2CHEt2}-COOH, alpha-aminoheptanoic adi 
^ffi2'<3^^CH2-l-napdlylKOOa NH2<3I(CH2-^^ 
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10 



30 



35 



cydohexyD-COOH. NH2-CHfCH2<ycIopen.ylH:OOa NH,-CHCCH,-cyclobutvIKXX)H 
NH2-CHCCH2<yclopiopyl).CCX5H.trifluoiofeucm^ ' ' ' 

AA2 is a side chain blocked or unblocked amino acid with the L configuntion, D 
configuration, or no chiiality at du: a-carbon selected ftom the gioup consisting of alanine, 
vahne. leucine, isoleudne, proline, methionine, methionine sulfoxide, phenylalanine, 
nyptophan. glycine, serine, ttatonine. cysteine, tyrosine, aspangine. glutamine. aspartic acid, 
glutamic acid. lysine, arginine. histidin^ phenylglydne. beta-alanine. norleucine. norvaline 
alpha-ammobutyric add. epsilon-aminocapioic add. dtruffine. hydroxyptoline. oraidiine. ' 
homoarginine, san»sine. inddine l^artoxylic add. 2-a^ 
add (2-pipaidine carboxylic add). O-methylserine, CVethylserine. S-methylcystdne, S- 
ethylcysidne, S-bcnzylcysteine. NH2-CH(CH2CBEt2)-COOH. alpha-aminoheptanoic add. 
NH2^CH2-l-napthyl)-COOH. NH2-CH(CH2-2.napthyl)-COOH. NHj-dKCHs- 
cycIohexyl)<:OOH. NHz-CHfCHz-cycIopentylHTOOH. NH2-CH(CH2-cyclobutylK:OOH. 
NH2-CH(CH2-cycIopioRyl).CCX5H, trifluorolendne. and hexafiuoroleudne: 

R3 and R4 are selected independently from die group consisting of H, C1.20 alkyl. Ci 
20 cydizcd alkyl, C1.20 alkyl with a phrayl group attadied to the Cj.zo alkyl, C1.20 cyclired' 
aDcyl widi an attached phenyl group. C1.20 alkyl with an attached phenyl group substituted 
widi K, C1.20 alkyl with an attached phenyl group disubstituted with K. Ci 20 alkyl widi an 

attadiedphcnylgrouptrisubstitutedwithK,Ci.20cycUredalkylwithanattachcdph«^^ 
group subsdnited with K. Cliq alkyl with a moipholine [-N(C3I,CH2)0] ring attached 
through nitrogen to the alkyl. C 10 alkyl widi a piperidine ring attached through nitrogen to 
the alkyl. Cj.iq alkyl widi a pyrrolidine ring attadied through nitrogen to the alkyl. Cj 20 
alkyl widi an OH group attached to the alkyl. -CH2CH2OCH2CH2OH. Cmq widi an attached 
4-pyndyl group. Cliq with an attadied 3-pyridyI group, Cmq with an attadied 2.pyridyl 
group. Clio with an atladied cyclohexyl group. -NH.CH2CH^.(4.hydroxyphenyl). and - 
NH-CH2CH2-(3-lndolyl). - / 7. 

3. A compound of the formula: 

M1-AA-AA-AA-CO-NR3R4 
or a phannaceudcally acceptable salt, wherein 

Ml represents H, NH2-CO-. NH2-CS-. NH2-SO2-. X-NH-CO-. X2N.CO- 
X-NH-CS-. X2N.CS-. X.NH.SO2-. X2N-SO2-. X-CO-. X-CS-. X-SO2-. X-OCO-. or X- 
(>CS-: 

X is selected from die group consisting of Cmq alkyl. Cmq fluoroalkyl. Ci-io alkyl 
substituted witii J, Cmo fluoroalkyl substituted widi J. l-admaniyl. 9-fluorcnyI. phenyl, 
phenyl substituted widi K. phenyl disubstiated wid, K. phenyl trisubstituted Widi K. naphdiyl. 
naphtfiyl substituted with K, naphthyl disubstituted witiiK. naphtfiyl tiisubstimtcd widi K, 
Ci-io alkyl widi an attached phenyl grou^ Ci-io alkyl widi two attached phenyl groups. Ci. 
10 alkyl widi an attached phenyl group substituted widi K. Cmq aBcyl widi two attached 
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phenyl groups substituted with K, Ci-io aH^l with an attached phenoxy group, and Ci-io 
alkyl with an attached phenoxy group substimted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci- 
10 aBcoxy, Ci-io alkylaminc, C2-12 dialkylamine, Cuo aDcyl-O-CO-, Ci-jo alkyl-O-CO- 
5 NH% and Ci^ig allsyl-Ss 

K is selected from the group consisting of halogen, Cj.io aOcyl. Ci.jq perfluoroalkyl, 
Cj.io alkoxy, NO2, CN, OH. CX)2H, amino, Chq aUcylamino, C2.12 diaDcylaraino, Cj- 
Cio acyl, andCi.io allcoxy-CD-, and Cuo alkyl-S-; 

A A is a side chain blocked or unblocked amino acid with the L configuration, D 
10 configuration, or no chirality at die a-carbon selected from the group consisting of alanine, 
' valine, leucine, isoleucine, proline, methionine, rncthionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic add, lysine, argininc. Wstidine, phenylglycine, beta-alanine, norieucine, norvaline, 
alpha-aminobutyric acid, epsilon-aminocaproic acid, dtruUine, hydroxyproUne, omidiine, 
15 homoarginine, sarcosinc, indoline 2-carboxylic acid, 2-azetidinecarboxylic arid, pipecolinic 
acid (2-pipcridine carboxylic acid), O-methylscrine, O-ethylscrine, S-methylcysteine, S- 
cthylcysteinc, S-benzylcgrstcine, NH2-CHCCH2CHEt2)-COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napthyl>COOH. NH2-CH(CH2-2.napthylK:OOH. NH2-CHCCH2- 
cyclohexyD-COOH, NH2-CH(CH2-cydopentyl)-COOH, NH2-CH(CH2-cycIobuQrl).COOH, 
20 NH2-CH(CH2-cycIopropylK;OOH, trifluoiolcucine. and hexafluoroleucine; 

R3 and R4 arc selected independently from die group consisting of H, C1.20 alkyl. Cj. 
20 cyclized aflgrl, C1.20 alkyl with a phenyl group attached to the C1.20 allq^l, C1.20 cyclized 
alkyl with an attached phenyl group, C1.20 alkyl with an attached phenyl group substituted 
with K, C1.20 alkyl with an attached phenyl group disubstitoted with K, C1.20 alkyl with an 
25' attached phenyl group trisubsrimtcd with K. C1.2O cyclized alkyl with an attached phenyl 
group substimted with K, Chq alkyl with a morpholine [-N(CH2ai2X5J ring attached 
through nitrogen to the alkyl, Ci.jo allgrl with a piperidine ring attached through nitrogen to 
the alkyl, Cuo allq^l with a pyrrolidine ring attached through nitrogen to the alkyl, C1.20 
slkyl widi an OH group attached to die allq^l, -CH2CH2OCH2CH2OH, Cj.io widi an attached 
30 4.pyridyl group, Cj.io with an attached 3-pyridyl group, Chq with an att^rhfd 2-pyridyl 
STOttp, Cj.io widi an attached cyclohejgfl group, -NH-CH2CH2-(4-hydroxyphenyl), and - 
NH-CH2CH2-(3-indolyn. 
4. A compound of the formula: 

Mi.AA-AA-AA-AA^NR3R4 
35 or a pharmaceutically accq)table salt, wherein 

Ml represents H. NH2-CO., NH2-CS-, NH2-SO2-. X-NH-CO% X2l^-C0-, 
X-NH-CS-. X2N-CS., X-NH-SO2-. X2N.SO2-. X^O-. X-CS., X^02-, X-O-CO-. or X- 
O-CS-: 
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X is selected fiiom the group consisting of Cmq alkyU Cmq Huoioalkyl. Cmq allcyl 
substituted with J. Cmo fluoroalkyi substituted with J, 1-adinantyI. 9-nuorenyI. phenyl, 
phenyl substituted with K. phenyl disubstituted with K. phenyl tiisubstituted with K. naphthyl 
naphthyl substituted widt K, naphthyl disubstituted with K, naphtityl frisubstituted with K. 
5 Cmo alkyl widi an attached phenyl group, Cmq alkyl widi two attached phenyl groups. Q. 
10 alkyl with an attached phenyl group substituted with K. Cmq aDcyl with two attached' 
phenyl groups substituted with K, Cm* aDcyl with an attached phcnoxy group, and Cmq 
alkyl with an attached phenoxy group substituted with K on the phcnoxy group; 

J is selected fixOT the group consisting of halogen, CCOH, OH, CN. NC)2, NH2, 
10 aflcoxy, Cmq alVylamine, C2.12 diaDcylamine, Cmq alkyl^KXD-, Cmo arkyl-0<X> 
NH-.andCi.ioalkyl-S-: * ' 

K is selected firom the group insisting of halogen. Cmq alkyl. Ci.jq perfluoroalkyl. 
Cmo altoxy. NO2. CN, OH. CO2H. aniino. Cmq alkylamino. C2.12 dialkylamino, Ci- 
Cjo acyl, and Ci.jo alkoxy-CO-, and Ci.jq aDcyl-S-: 

AA is a side chain blocked or unblocked amino acid with die L configuration. D 
configuration, or no chiiaUty at the a-carbon selected from die group consisting of alanine. 
vaUne. leucine, isoleucine, proline, mediionine. medjionine sulfoxide, phenylalanine, 
tiyptophan. glycine, serine, dirconine. cysteine, tyrosine, asparagine. glutamine. asp^c add. 
glutamic acid, lysine, arginine. histidine. phenylglydne, beta-alanine, norieudnc. norvalinc. 
alpha-aminobutyiic acid. epsUon-aminocaproic acid, dtnilline.hydroxyprolinc.omid^^ * 
homoatginine, sareosine. indoUne 2-carbQxylic add, 2-azetidinecarboxylic add. pipecolinic 
add (2-piperidine carboxylic acid). O-metiiylserine. Ossdiylserine. S-methylcysidne, S- 
ethylcysteine. S-benaykystdne. NH2-CH(CH2CHEt2)-COOH. alpha-aminohcptanoic acid, 
NH2-CH(CH2-l-nap±ylK:OOH. NH2-CH(CH2-2-napdiyl)-COOH. NH2-CH(CH2- 
cyclohexyl)<:OOH. NH2-CH(CH2HqrdopentylH:OOH. NH2-CH(CH2-cydobutylHXX)H. 
NH2-CH(ai2-cyclopropyl)-COOH. ttifluorolcucine. and hcxafluoroleucinc: 

R3 and R4 are selected independendy from the group consisting of H, C1.20 Ci. 
20 cydized aBcyU C1.20 aDcyl widi a phenyl group attached to the C1.20 alkyl, C1.20 Pyclized 
alkyl witii an attadied pheiiyl group. C1.20 alkyl widi an attached phenyl group substimted 
with K, C1.20 aliyl with an attadied phenyl group disubstituted widi K. C1.20 alkyl widi an 
attached phenyl group ttisubstituted widi K, C1.20 cyclired alkyl widi an attached phenyl 
group substituted widi K, Cj.iq alky^widi a moipholine [-N(CH2CH2)0] ring attached 
dnough nitrogen to die alkyl. Cmo aDcyl with a pipeiidine ring atBched dirough nitrogen to 
die aDcyl, Cj.io aDcyl widi a pynolidine ring attached dirough nitrogen to .die aDcyl, C1.20 
aDcyl widi an OH group attached to die aDcyl. -CH2CH2OCH2CH2OH. Cmo with an attached 

4. pyridyl group. Ci.jq widi an attached 3-pyridyl group. Cj.iq widi an attached 2-pyridyl 
groaPrCi-io widi an attached cyctohexyl group. -NH-CH2CH2-(4-hydroxyphinyl). and - 
NH-CH2CH2-(3-indolyl). 

5. A conqxwnd of die formula: 
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M1-AA-CO-NR3R4 
or a phannaceudcally accq>table salt, wherein 

Ml represents H. NH2-CO., NHi-CS-. NH2-SO2-. X-NH-CO% X2N-CO-. 
X-xNH^.. X2N-CS.. X.NH-SO2-. X2N-SO2-. X<:0-, X-CS-. X-SO2-, X-OCO-. or X- 
5 O-CS-; 

X is selected fitom the group consisting of Ci-io alkyl, Ci-io fluoroalkyl, Ci.io alkyl 
substituted with J, Ci-io fluoroalkyi substituted with J, l-admantyl, 9-fluorcnyI. phenyl, 
phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K« naphtfayl, 
naphthyl substituted with K« naphthyl disubstituted with iC, naphthyl trisubstituted with K, 
10 Ci-10 alkyl with an attached phenyl group, Cuo allyl widi two attached phenyl groups, Ci- 
• 10 allgrl widi an attached phenyl group substituted with K, Cuo alkyl widi two attached 
phenyl groups substituted with K, Cuo ^^^1 with an attached phenoxy group, and Cuo 
all^l with an attached phenoxy group substimted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci- 
15 10 alkoxy, Ci-io alkylamine, C2-12 dialkylamine, Cmq aDcyl-O-CO-, Ci-io allgrl-O-CO- 
NH-, and Ci.io alkyW-; 

K is selected from the group consisting of halogen, C^io alkyl, Ci.io perfluoxoalkyi, 
Cj.io alkoxy, NO2, CN, OH, CO2H, amino, Ci.iq alkylamino, C2.12 dialkylamino, Ci- 
Cio acyl, and Ci.iq alkoxy-CO-, and Ci^iq alkyl-S-; 
20 AA is a side chain blocked or unblocked amino acid with the L configuration, D 

configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, ^rosine, asparaginc, glutamine, aspartic acid, 
glutamic acid, lysine, arginine, histidine, phenylglycine, bcta-alaninc, norieucinc, norvalinc, 
25 alpha-aminobutyric acid, epsilon-aminocaproic acid, cittulline, hydroxyproline, ornithine, 
homoaiginine, saicosine. indoline 2<aiboxylic acid, 2-azetidinecarbo}grUc add, pipecolinic 
acid (2-pipcridine carboxylic acid), 0-methylseiine, 0-ethylserine, S-methylcysteine, S- 
cthylcysteme, S-benzylcysteine, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-mipthyl)-COOH, NH2<3I(CH2-2.napthyI)-COOH. NH2-CH(CH2- 
30 cyclohexyl)<XX)a NH2-CHCCH2-cyclopcntyl)-COOH. NH2-CH(CH2-cyclobutyI)-COOH. 
NH2"CH(CH2-cyclopropyl)-COOH, trifluoroleucine, and hcxafluoroleucine: 

R3 and R4 are selected independently ftom the group consisting of H, Ci_20 sJkyU Ci. 
20 cyclized alkyl, C1.20 aDcyl with a phenyl group attached to the C1.20 allgrl, C1.20 <yclized 
alkyl with an attached phenyl group, C1.20 alkyl witfi an attached phenyl group substimted 
35 with K, C1.20 allg^I with an attached phenyl group disubstimtcd with C1.20 alkyl with an 
attached phenyl group trisubstimted with K, Ci.20 cyclized alkyl with an attached phenyl 
group substimted with K, Cuo alkyl with a morpholine (-N(CH2CH2)0] ring atti:hed 
through nitrogen to the alkyl, Cuo alkyl widi a piperidine ring attached through nitrogen to 
the alkyl, Cuo alkyl with a pyrrolidine ting attached through nitrogen to the alkyl, Ci'.20 
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alkyl with an OH group attached to the alkyl, -CH2CH2OCH2CH2OH. Chq with an attached 
4.pyridyl group. Ci.iq with an attached 3-pyiidyl group, Cj.jo widi an attached 2-pyridyI 
Sraap. Ci-io «wth an attached cyclohexyi group. -NH-CH2CH2-(4-hydroxyphenyl), and - 
NH-CH2CH2-(3-indolyl). 
5 6. A compound of the formula: 

Mi-AA-NH-CHR2-CO<X>OH 
or a lAannaceutically acceptable salt, vrfiyrein . 

Ml represents H, NH2-CX)-, NH2-CS-, NH2-SO2-. X-NH-CXD-, X2N-CO., 
X-NH-CS-. X2N-CS-, X-NH-SO2-, X2N-SO2-, X-CO-. X-CS-. X-SO2-. X-aCO-. or X- 
10 0-CS-: 

X is sclecfed from the group consisting of Ci-io alkyl. Cmo fluoioalkyi, Ci-io aliyl 
substituted with J, Cmq fluoroalkyl substituted with J. l-admantyl, 9.fluorenyl. phenyl, 
phenyl substituted with K, phenyl disubstitutcd with K, phenyl trisubstitatcd with K. naphthyl. 
naphthyl substituted with K, n^hthyl disubstitutcd with K. naphtl^l trisubstitttted with K, 
15 Ci-io aDcyl with an attached phenyl group, Ci-io alkyl with two attached phenyl gioups, Cu 
10 alkyl widi an attached phenyl group substituted with K, Ci-io alkyl wi± two attached 
phenyl groups substituted with K, Ci-io alkyl with an attached phcnoxy group, and Ci-io 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci- 
20 10alkoxy,Ci.ioalkylaniine.C2-l2diall7lamine,Ci.ioaIkyl-0^ 
NH-.andCi.ioalkyl-S-: 

K is selected from the group consisting of halogen, Chq alkyl, Cj.iq pcrfluotxjalkyl. 
Ci.io alkoxy, NO2, CN, OH. C02a amino. C^o alkylamino. C2.12 dialkylamino, Ci- 
Cio acyl. and Chq alkoj^-CO-, and Ci.io alkyl-S-: 
25 AA is a side chain blocked or unblocked amino acid with the L configuration, D 

configuration, or no chiraliQr at the a-carbon sdected from Ae group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine. tiBBonine, qrsteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic acid, lysine, aiginine, histidine. phenylglydne, beta-alanine. norieucine. norvaUne. 

30 alpha-aminobu^c add, epsilon-aminocaproic add, dirulline,hydroxyproline, ornithine, 
homoarginine. saicosine. indoline 2-eatboxylic add. 2-azetidinecarboxylic add, pipccolinic 
add (2-pq)eridine carixMcylic acid). O-methylserine. 0-ctiiylserine, S-methylcystcine, S- 
ethylcystdne. S-bcnzylcystdne. NH2-CH(ai2CHEt2)-CXX)H. alpha-aminoheptanoic acid. 
NH2-CH{C2l2-l-napthyl)-COOH, NH2-CH(C3l2-2-napihyI)-COOH. NH2-CH(CH2- 

35 cycIohexyD-COOH. NH2-CH(CH2-cyctopcntyl)-COOH. NH2-CH(C3l2-cyclobutyl)-COOH. 

>W2-CH(CH2<yclopropyl)-COOH, irifluoroleucine. and hexafluoroleucine: 

R2 lepiesents Ci.g branched and unbianched alkyl, branched and unbranched 
cyclized alkyl, or Ci.g branched and unbranched fluoroaUgrl; 

7. A compound of the formula: 
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Mi-AA2-AAi-CX>OH 
or a pharmaceutically accqxable salt, v^eretn 

Ml represents H, NH2-CO-. NH2-CS-, NH2-S02-. X-NH-CO-. X2N-CO., 
X-NH-CS-. X2N-CS-. X-NH-SO2-. X2N-SO2-. X-CO-. X-CS-. X-SO2-. X-0-CO-. or X- 
5 O-CS-; 

X is selected ftom the group coisisting of Cuo alfcyl. Ci-io fluoroalkyl, Ci-io alkyl 
substituted with J, Ci-io fluoroalkyl sob^ted with J, l-admantyl, 9-fluoiBnyl, phenyl, 
phenyl substituted with K, phenyl disubstitnted with K, phenyl tiisubstituted with K, naphthyl. 

naphthyl substituted with K, naphthyl disubstitated with K, naphthyl tcisubstituted with K, 
10 Ci-io aSkyl widi an attached phenyl group, Cuo alkyl with two attached phenyl groups. Ci- 
10 allgrl with an attached phenyl group substituted with K, and Ci.io alkyl widi two attached 
phenyl groups substituted with K, Cmq alkyl with an attached phcnoxy group, and Cmq 
. all^l with an attached phenoxy group substituted widiK on the phenoj^groi^; 

J is selected from the group consisting of halogen, CCX)H, OH, CN, NO2, NH2, Ci. 
15 10 alkoxy, Cmq allqrlamine, C2.12 dialkylamine, Cuo aflgrl-O-CO-, Cmq alkyl-OCO- 
NH-.andCi.ioaflgrl-S-; 

K is selected from the group consisting of halogen, Ci.^q alkyl, Ci.jq perfluoroalkyl, 
Ci.io alkoxy, NO2, CN. OH, CO2H, amino, Ci.jq alkylamino, C2.12 dialkylamino, Cj- 
Cio acyl, and Cj.iq alkoxy-CO-, and Ci.jg alkyl-S-; 
20 AAi is a side chain blocked or unblocked amino acid with the L configuration, D 

configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, prolinc'methionine, methionine sulfoxide, phenylalanine, 
tryptophan, serine, tiueonine. cysteine, ^sine, asparagine. glutamine. aspartic acid, glutamic 
acid, lysine, arginine. histidine, phenylglycine, beta-alanine, norleucine, norvaline, alpha- 
25 aniinobttQ^c add, epsilon-aminoc^ic acid. citrulline.hydroxyproline. ornithine, 

horaoaiginine, sarcosine, indoline 2Hari)o;yBc add, Z-azetidinecaibo^qrUc add. pipecolinic 
add (2-piperidine carboxylic add), O-metl^'lscrinc. O-ethylsHine, S-methyl<^teine, S- 
ethylcysteine, S-benzykysteine, NH2-CH(CH2CHEt2)-COOH. alpha-aminoheptanoic add. 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl).CCX)H. NH2-CH(CH2- 
30 cycIohexyD-COOH. NH2-CH(CH2-cycIopenlyl).COOH, NH2-CH(CH2-cydobuiyl)-COOH. 
NH2-CH(CH2-cycloptDpylKOOH, trifluorolcucine, and hexafluoroleucine; 

AA2 is a side chain blocked or unblocked amino add with die L configuration, D 
conf^uration, orno chiraliQr at the a-carbon sdected fiom the group consisting of alanine, 
valine, leucine, isoleucine, proline, mediionine. mediionine sulfoxide, phenylalanine. 
35 tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic acid, lysine, arginine. histidine. phenylglycine. beta-alanine. noileudne, norvaline. 
alpha-aminobuiyric add. cpsiton-aminpcaproic acid, dmilline. hydroxyproline, ornithine, 
homoaiginine. sarcosine. indolme 2-carjUylic acid. 2-azetidinecarboxyIfc 
acid (2-pipeiidinc carboxyUc acid), O-nKdiylsaine. O-etiqriserine, S-raethylcysteine. S- 
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NH2^CH2-lHMp*,lHX>OH. NH2<M(CH2.2.niipl,ylK:C)OH. NH,<iS!^ 

^H2^(CH2-c,xlop.op,IK«)a«^«»*^ -O-D^Oft 
J »• Aconq)oundof Aefonnula: 

Mi-AA-AA-AA-OCWH 
or a phannaceaticafly acceptable salt, wherein 

V Mw ^ NH2-SO2.. X-NH-CO-. XoN-CO- 

X^-CS-. X2N.CS-. X^.S02., X,M.S02-. X-CC. X-CS-. X-SO^-.l^Sa. or X. 

pha,3.substitutedwithK.phe„y,disubs^ 

phjl8n>upssubst.t„.cdwithK,C,.ioalkylwith«,attach^ ^ 
allcylwxth an attached phcnoxygxoup substituted withKcmtte 
20 ,n ,„ "^«t«i fix,m the group consisdng of halogen. COOH. OH. CN. NO2 NH^ r, 

KIsseleoedftemihegrciupMmisimsofliatoKii Ci ,n^T r 

Ci.ioaltoxyNOi CM nil rrJu ■ ' ^^''-'•lO"''''' Ct.lOI«riIi«>roaIkyl. 

I.10»m,xy.N02.CN,OH,C02H,aOTno.Ci.,ojlkytaiino,C2 iiOMmlno r. 
Cloacyl,andC,.,oalIcoxy^.aalC,.ioaikyM.: 2.I2<naJicyUmi™iCi. 

-toe. ^uc™^ ^tac^c. „««^ 

'«2f«™3-'-»»P%l)^OOara2<B(CH2.2^pd,,o^ax«.NH>(^m^ 

■ r!^^H.NH2O«CH2^^«^,HX)0am2«CT^^^ 
^W2<WCH2..)*p„,p,,KX»a rtfl^,,^ 

f. Aconqioundofthefonnula: 

Mi-AA-AA-AA-AA-COOH 

ora phannaceutically acceptabfe salt, whciein 
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Mi represents H, NH2-CO-. NH2-CS-, NH2-SO2-, X-NH-CO-. X2N-CO-, 
X-NH-CS-. X2N-CS-, X-NH-SO2-. X2N-SO2-. Yi-CO-, X-CS-, X-SO2CX-O-CO., or X- 
0-CS-; 

X is selected bom the group consisting of Ci-io alkyl, Cmq fluoroaDcyl. Cuiq alkyl 
5 . substituted with J, Ci-io fluoroalkyl substituted with J, l-admantyl, 9-fluorcnyl, phenyl, 
phenyl substituted with K, phenyl disubstituicd with phenyl trisubstituted with K, naphthyl, 
naphthyl substituted widi naphthyl disubstituted with K. naphthyl trisubstituted with K, 
Cuo aUcyl with an attached phenyl group, Cmq dJkyl with two attached phenyl groups. Ci- 
10 alkyl with an attached phenyl group substituted with K. and Ci-io alkyl with two attached 
10 phenyl groups substituted with K, Ci-io alkyl with an attached phenoxy group, and Ci-io 
- alkyl with an attached phenoxy group subsdmted With K on the phenoxy group; 

Yi is selected from the group consisting of C2.IO alkyl, Ci-io fluoroallqrl, Ci-io 
alkyl substituted with J. Cmo fluoroalkyl substinited with J, l-admantyl, 9-fluorcnyl, phenyl, 
phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
15 naphthyl substimted with K, naphthyl disubstituted witii K, naphthyl trisubstituted with K. 
Ci-io alkyl widi an attached phenyl group, Cuo alkyl witii two attached phenyl groups, Ci- 
10 alkyl witii an attached phenyl group substituted widi K, and Cmq alkyl with two attached 
phenyl groups substinited with K; 

J is selected from tiie group consisting of halogen. COOH. OH, CN, NO2, NH2, Ci- 
20 10 alkoxy. Cmo alkylamine, C2-12 dialkylamine. Ci-io allqri-O-CO-. Cmq aDcyl-O-CO- 
NH-. andCi.ioalkyl-S-; 

K is selected from die group consisting of halogen, Ci.jq alkyl, Ci,io perfluoroalkyl. 
Ci.io alkoxy, NO2, CN, OH, CO2H, amino. Chq alkylamino. C2-12 dialkylamino, Ci- 
Cio acyl, and Ci.io alkoxy-CO-. and Ci.io aUqri-S-; 
25 A A is a side chain blocked or unblocked anuno add widi the L configuration. D 

configuration, or no chirality at the a-carbon selected from die group consisting of alanine, 
valine, leucine, isoleucine, proline, raetiuonine, metiiionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, qrosine, asparagine, glutamine. asparric acid, 
glutamic acid, lysine, argininc, histidine^ phenylglycinc, beta-alanine, norleudne, norvaline. 
30 alpha-aminobutyric acid, epsilon-aminocaproic acid, citrullinc, hydroxyproline, omidune, 
homoargiriine, sarcosine, indoline 2-carboxylic acii 2-azetidinecarboxylic acid, pipecolinic 
acid (2-pipcridine cartwxylic acid), O-metfiylserine, O-etiiylscrine. S-metfiylcysteine. S- 
ctfiylcysteinc. S-benzylcystdne. NH2-CH(CH2CHEt2)-COOH. alpha-aminohcptanoic acid. 
NH2-CH(CH2-l-naptiiylKpOH. NH2-CH(CH2-2.napdiyl)-COOH. NH2^(CH2- 
35 cyclohexyD-COOa NH2-CHfCH2-cyclopentyl)-COOH, NH2-CH(CH2-<7clobutyl)-COOH, 
NH2-CH(CH2-cyclopn)pyI)-COOH, nifluoroleucine, and hexaflnoroleudne; 
10. A compound of die fomuila: 

Mi-AA-COOH 
orapharinaceurically acceptable salt, wherein 
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Ml represents H, NH2-CO-. NH2-CS-, NH2-SO2-. X-NH-CO- X-,N CO 
X^-CS-. X2N-CS-. X-NH^02-. X^N-SOa-. W. X-CS-. X-SO2 ^ xSi)-. or X- 

subsumed wrthJ.CMOfl«oroa.kyls«bstituted^^ l-adn«n.yl. p^^t 
phenyl subsumtcdwxthK.pI^y,disubstituu»^ 

i«ph*yls«bsamtedwithK.naphthyldi*«bstimtedwithK.na^^^^ 
Ci.ioa]kylwithanattacl«dphenyrpoup.CMO^^ ' 
10a]l^lw«hanaa3chedpl.nyIgroupsubstim.edwithK. 
phenyl groups substimted with K. Cmo alkyl with an atta^^ 

alkyi with an attached phcnoxy group sttbsiitutca with K on the phcnoxy group: 

Y2 is selected fiom the group consisting of Cmo alkyl. Clio fluoroalkyl. Ci in 
al^I subsnmted with J, Clio Huoroalkyl substituted with J. l-adnumtyl. S-HuoLyl phenyl 

subsnm^withK.phe„y,disubstitutedwithK.phenyltrisubstin«edlK,«^^^^^ 
naph4yUubsdm.edwithK,„aphthyl^^^^^ 

If" . T^^ ""'-'^ '^^^ Phenyl groups. Ci. 

phenyl groups substituted with K: «"«:ncQ 
J is selected from the group consisting of halogen. COOH. OH. CN. NO2 NH, Ci 
10 alkoxy Ci.,0 alkylanune. Cm2 dialkylamine. Clio alkyl-O-CO-. Clio aD^l-oio- 
iNH-, and Cj.iQ alkyl-S-; 

C I" ""'"'^^ of halogen, Ci.,0 alkyl. Ci.,o peifluoroalkyl. 

CL,o™02.CN.OH.C02H.anuno.CLioallcylanu^^^ 

CioacyLandCLioalkoxy-CO-.andCLioalkyl-S-: 

AAisasidechainblockedorunblockcdaininoacidwiththeLconfiguration.D 
configt«uio„.ornochiraUtyatthea^sdec,edlh«nthegroup^^^ 
vabne. leucme, uK>le«cine. proline. nKthionine. methionine sulfoxide, phenylalanine. 
aWhan. glycine, serine, threonine, cysurine. tyrosine, asparagine. glutanune. aspartic add. 
g lutanuc acd. lysme, arginine. hisddine. phenylglycine. beta-alanine. norleudne. norvaline. 
alpha-ammobuQ^c acid, epsilon-anrinocaproic add. dtndline, hydroxyproline. ornithine, 
homoargnune. sart^ine. indoline Z-carboxyHc add. 2- 

acid a-pn«idine caxboxylic add). O-meAylserine. O^Iserine, S-n«thylcysteme. S- 

NH2-CH(CH2CHEt2)-CCX)H. alpha-anunoheptanoic add. 
NH2-CH(CH2-Lnapthyl)-COOH. NH2<3KCH2-2-napthylH:OOa NH,-CH(CH,- 

NH2-CH(CH2-cydopropyl)-CCX)H. trifluoroleucine. and hexafluoroleudne: 
11. A compound of the formula: 

Mi-AA2-AAi-CCW>.R| 
or a lAarmaceutically accqjtable salt, wherein 
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Mi icpicscats H. NH2-CO-. NH2-CS-. NH2-SO2-. X-NH-CO-. X,N-CO 
X^-CS-. X2N-CS-. X-NH-SO2-. X2N-SO2-. X-CO-, X-CS.. X.S02^^^0-. or X- 

XisseIecttdfonnthegioupconsistingofCi.ioalkyl.Ci.10^^^ 
sj*st^withJ.CMOfl«oroa,^lsubstita,odwi*^^ 
phenyl substituted wuhK.pheayldis«bsdt«^ 

naph.hylsubst«ntedwithK.naphthyldisubs.it».cdwithK.^^^^^ 

CMOancylMothanattacI^lpteaylgrouftCMO^^ 

10allg.l«.thanattachedptoylgroapsubstitu,edwith 

Ph«yl groups subsdtutcd with K.Ci.ioa]kylwithaaaaa*^ in 
alkylwiihaaatiacfaedphcnoxygroapsubstitutcdwithKonthcpheiKJxy^^^^ 

JisselccJcdfiDmthcgiDupconsistingofhaloiea.COOH.OH.a^ NO5 NH-, r, 

Nil-, and Cj.io alkyl-S-; 

Cioacyl, and Clio alkoxy-CO-, and CnoaIkyI-S-; ^ 

AAiisasidechainblockcdorunblockedanuJoaddwiththeLconfigurati^ 
config^txon.ornochiraKtyatthea<arbonsdcc,edfo^ 
-0 v^«.le«cu.c,:soIcuc«e.proline,mcthionine.methioninesu«^^^ 

t^tophan. serine th^oninc. cysteine, ty^sine. asparagine. glutanune. aspartic add] glutanuc 
acid. lysme. argimne. histidine. phenylglycine. bcta-alanine. norleucine. norvaline. all- 
ainmobu|yncadd,q,siIon-aari«ocapmicadd.d.ni^ 

homoargmme. sarcosine. indolinc 2-carboxyIic ac«i, 2-a2etidinccarfaoxyIic add. pipecolinic 
ac^a-p.peric^ccaxboxyUcadd).amcthyIsc^^ 

eftyK^mc. S-bcnzylcystdnc. NH2-C3ICC3l2CHEt2)-COOH. alpha-anunoheptanoic add. 

NI^2-CH(a^-napthyI)-C(X5H.NH2.CH(CB2.2^ 

^Io^«KX)OH.NH2-CH(ai2<ydop^^^ 

^H2-CHCCH2<ydopxopylKXXDH.trffluorofcudne.andhexafl«oml^^^ 

^2«asided.ainblodcedor«abIodadaniinoaddwiththcLconfi«^ 
. ~fg"=^'».;^»ochitali,yatthea^„sdectedfomthegn,«p«^ 
^oleuoae. pn,In«, methionine, methionine sulfox^ 

senne. thieomne. cysteine. Qr««ine. asparagine. glutamiae. aspartic add. glutamic acid, lysine. 
eps,bn-^o«proxcacui.dmdline.hyd» * . 

NH2-CHfCT2-2-napthyI)<:ooa NH2-ai(CH2-cydohcxyIH:cX)H, NH,^^ 
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^c^.>C0OftW.j^CH3<,clob«y.M:OOH.W^ 

tnfluaolcucincandhexafluonjlencinc: " "P^WJ-COOH, 

Rl is selected from the group consisting of H. Ci tn alkvl r, -„ • u 

12. A compound of the foimula: 

Mi-AA-NH-CHR2-CX)-(jX>0-R 
or a jAannaccuticaDy accqjtabk salt, wfaaetn 

V xn, il* "^'"'^ ^ NH2-S02-. X-NH^O-. X,^^^ 

x,N-cs-. x-NH-so... x,,.-so^. x-ca;x<:^^^ 

XissdectcdfomthegroupconsistingofCMoalkyI.CMofluoroa]kyICi ,nalkvl 
subst^mtedwith J^CMOfluoroalJcylsubstitutedwith J. 1-adma^^^ 
Ph^yl subsdtuted with K. phenyl disubsdtuted with K. phenyl trisubsdmted Shdwl 

™ubsdm.edwithK.naphthyldisubsd.tedwithK.naphthyltHs«bTd^^^ 

phenyl groups subsumted wid. K. Ci.io alkyl with an attached 

alkyl with an attached phenoxy group subsdtuted withKon the phenoxyX^^^ 

J«sclcctcdfrDmthegroupconsisdngofhaIogen.COOH.OH.CN.NCh NH^ r, 

CioacyUand Ci.ioalkoxy-CO-. and Clio alkyl-S-: -«yaimno.^i 

^^"^'Je'A^blockedorunblocWaminoaddwiththeLc^ 

config^non.ornochiraIityatthea<aibonsdec,edfromthe^^^ 

vahne. eucme. isoleucinc. proline, methioiune. meduonine sulfori^ 

nW.han. glycine, serine, threonine, cysteine, tyrosine, asparagine. glutaminc. aspartic a.;id. 

glummc aod. lysme. aiginine. histidine. phenylglycine. beta-alanine. m,rleuci„; 7or^ 

alpha.anunobu^3dd.epsilon-amin«aproicacid.c^ 
^«»c«,gmme^saro«^ 

acul(2-p.pcndmecarboxyIicacid).a^ 
^M^^S-ben^ylcystein^NHi^C^^^^ 

^W2^CH2.1.napd,yl)<:OOH.NH2^CH2-2.napd.ylK:CX5a 

NH2<3IfCH2KgrcIopropyl>COOH.trifluoroIeucine.andhe«^^ . 

J^2iq«««tsCi.8branchedandunbmchedalkyl.Ci^brancheda^^ . 
cycIi2cdal]grl.orCi^bianchedandunbianchedfluoroalkyI; 
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Ris selected from the group consisting of H, Clzq alkyl. C1.20 alkyl with aphenyl 
group attached to the C1.20 alkyl. and C1.20 alkyl with an attached phenyl group substituted 
withK. 

13. A compound of the formula: 

M3-AA-AA-AA-COO-R 
oe a pharmacentically acceptable salt, whoetn 

M3 represents H. NH2-OO-. NH2<S-. NH2-SO2-. X-NH-CO-. X2N-CO- 
X-NH-CS-. X2N-CS-. X-NH-SO2-. J^K-S02-. X-CO-. X-CS-. X-SO2-. T-0-C(i-. or X- 

X is selected fiom die group consisting of Clio alkyl. Cmq fluoroalkyl. Ci m alkyl 
substimted with J. Cuo fluoroalkyl substituted with J. 1-admaatyl. 9-fluorenyl. phenyl, 
phenyl substituted with K. phenyl disubstituted with K. phenyl trisubstimted witii K. naphthyL 
naphthyl substituted with K. naphthyl disubstitated widi K. naphdiyl trisubstimted with K. 
Ci-io alkyl with an attached phenyl group. Q.io alkyl with two attached phenyl groups Ci 
10 alkyl widt an attached phenyl group substimted with K. and Cmq alkyl wiA two attached" 
phenyl groups substimted wid, K. Cj. 10 alkyl widi an attached phenoxy group, and d 10 
alkyl widi an attached phenoxy group substimted widi K on die phenoxy group; 

TisseIectedfemdiegroupconsistingofCi.ioalkyl.Ci.iofluoroalklrI.Ci.ioaIkyl 
^«J'5t>tutedwidiJ.Ci.iofluoroalkyIsubstimtedwid»J.l.admantyl.9-fluorenyl.phen^^ 

-0 PhenylsubstimtedwidxK.phenyIdis«bsrimtedwithK.phenyl,xisubstim.cdwidtK,naphthyI 
naphdiyl substimted with K. naphdiyl disubstimted widi K. naphdiyl trisubstimted widi K. ' 
C2.10 alkyl widi an attached phenyl group. Cmq alkyl widi two attached phenyl groups C, 
10 alkyl wid, an attached phenyl group substimted widi K. and Cmq aDcyl wifli two attained" 
phenyl groups substimted with K; 

J is selected fiom die group consisting of halogen. COOH. OH. Of, NO2 NH2. Ci 
10 alkoxy. Clio alkylamine. C2.12 dialkylamine. Cuo alfcyl-CKX)-. Cmq aD^l-<K»- ' 
NH-. and Clio alkyl-S-; » / ^ 

K is selected fiom die group consisting of halogen. Cuo alkyl. Cmq perfluoroalkyl. 
Clio alkoxy. NO2. CN. OH. CO2H. amino. C^o alkylamino. C2.12 dialkylamino. q!^ 
Cio acyl. and Ci.io altoxy-00-. and Ci.io alIgri.S.; 

AAisasidechamblockedormiblockedamino'acidwididieLconfiguration.D 
config„radon,ornochiraHtyattiiea-carbonsdectedfromdiegroupconsisti^^ 
vahne. kudne, isoleucine, proline, medaoniae, medaonine sulfoxide. 
tryptophan, glycine, serine, dueonine. cysteine, tyrosine, asparagine. glutamine. asparric acid, 
guanueaad. lysine. argimne.histidi„e.phenylglyei„e^ 
- ^Pha-anmiobu.yricadd.epsilon.aniinocaproicacid.cim^ 
hom^e^sanx«ine.iadoIine2H«boxylicacid.2-a«^ 
acid a-pq)er«l,ne carfaoxylic add), 

cdiylqrsterne. S-benzylcystdne. NH2<3I(CH2CHE^iHX^ 
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NH2-CH(CH2-l-napthylH:00a NH2-CH(CH2-2.«ipthylH:oOH. NH,-CHrCH, 

14. Acompbundofthefonnula: | 

M3-AA-AA-NH<HR2-a>COO-R 
or a phannaceadcaDy accqjtabic salt, wherein 

M3 represents H. NH2-CO-. NH2-CS-. NH2-SO2-. X-NH-CO- XoN.ro. 

phenyl groups substituted with K: u««cnca 
J«scIectedfit)mthegToupMnsistingofhalogcn.COOH.OH.CN.N02 NH7 C, 

C, n I" "^^^^^ ^I-IO Cl-10 PCrfluaroalkyl. 

Ci.,0 aOcoxy NO2. CN. OH, CO2H. amino. C^o alkylanuno. C2.12 ^Zul^ 

CioacyI.andCi.ioaIkoxy.CO..andC,.ioaIky|.S.: ^ 

AAisasidecAainblockedorunblockedaminoacidwiththeLco^^^ D 
coj^g«mon.ornochiraUtyartheaH«bonsdec.edfi^ 
valme, cucme, isoleucine. proline, methionine, methionine sulfoxide, phenylalanine 
nyptophan.gIycine.seHne.threon^ 

gu^acr41ysme.arginine.histidine.phenylglycine.bea^^ 
alpha-anunobuQrnc acid, epsilon-anunocaproic add. dtruia^ 
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homoarsiiiinc sarcosine. indoline 2-caifaoxylic acid, 2-azetidinccarboxyIic add. pipecolinic 
acid (2-piperidine caiboxylic add). O-methylscrine. O^thylscaine. S-methylcysteine. S- 
. cthylcystdnc S-bcnzylcystcine. NHi-CBtCHiCHEtaHrOOH. alpha-aminoheptanoic add. 
NH2-CH(CH2-l-napthylK:OOH. NH2"CH(CH2-2-napthyI)-COOH. mi-CHCCRr- 
5 cydohexyIHX)OH.NH2<3I(CH2-cycIopenlyIKOOH.NH2-CH(CT^ 
NH2-CH(CH2-cyclopropyI)-COOH, trifluoioteudiie, and hexafluoioleacinc; 

R2 represents Ci.g branched and udbnindied alkyl, Ci^ brandicd and unbranched 
(ydized alkyl. or Ci^ braiuAcd and onbianched fiuoroallgrl; 

R is sdccted fh>m the group consisting of H. Ci.20 alkyl. Ci.20 
) group attadied to the C1.20 alkyl. and C1.20 alkyi with an attached phenyl gronp substituted 
withK. . • 

15. A compound of the fotmula: 

M3-AA4-AA-AA-AA-CaO-R 
or a pharmaceotically acceptable salt, wherein 

M3 represents H, NH2-CO.. NH2-CS-. NH2-SO2-. X-NH-CO-, X2N-CO- 
X-NH-CS-. X2N-CS-. X-NH-SO2-. X2N.SO2-. X-CO-. X-CS-, X-SO2-. T-O-CO- or X- 
0-CS-; 

X is selected from the group consisting of Cmq alkyl, Cmq fluoioalkyl. Cmq alkyl 
substituted with J, Ci-io fluoroaflcyl substituted with J, l-admantyl. 9-fluoiBnyl. phenyl, 
phenyl substituted with K, phenyl disubstituted with K. phenyl trisubstituted widi K. naphthyl 
naphthyl substimted with K. naphthyl disubstituted with K, naphthyl trisubstituted with K. 
Ci-io alkyl with an attadied phenyl group. Cmq alkyl with two attadied phenyl groups. Ci. 
10 alkyl with an attached phenyl group substituted with K, and Cmq alkyl with two attadied 
phenyl groups substituted with K. Cmq alkyl with an attached phenoxy group, and Ci. 10 

alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

T is sdected from the group consisting of Cmo alkyl. Cmq fluoroallgrl, Cuo alkyl 

substituted with J. Ci-io fluoroalkyl substituted with J. l-admantyl. 9-fluorenyl. phenyl. 

phenyl substituted with K. phenyl disobstftuted with K. phenyl trisubstituted with K. naiihthyl 

naphthyl substituted with K. naphthyl disubstituted with K. naphthyl trisubstituted with K. 

C2.IO alkyl with an attached phenyl group, Cuo alkyl with two adadicd phenyl groups. C]. 

10 alkyl with an attadied phenyl group substituted with K. and Cmq alkyl with two attadied" 

phenyl groups substituted with K; 

J is selected fiom the group consisting of halogen, CCXJH. OH. C3^.N02.NH2 Q 

10alkoxy,Ci.ioaIkylamine.C2.i2dialkylaminc,Ci.ioalkyI.O-CO-,Ci.io " 
NH-.andCi.ioalkyl-S-: 

Kis sdectedfiom the group consisting of halogen. Cj.ioalkyl. Cmq peifluoroalkyl 
Cmo altoxy, NO2. CN. OH. CO2H. amino. C^o alkylamino. C2.12 dialkylamiHo, C,- 
Cio acyl. and Ci.io alkoxy-CO-. and Cuo alkyl-S-: 
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■Wopta. slycme. satae. llmoniM,cystttoe. ^rosine. aspangine. 0!.^™' • 

^W2<H(CH2-IMBpdvlKOOH,NH2<H(CH2.^■laptlvIHX)CWNH^<M 
^«2<I«CHJ.^,dopnwlKX)OH.rtfl«,„*^ otaflrlKOOH, 
*A4B.ridecW„bIocbdoruritek«dariMadd«illiaKLcoa%mdo^ 

25 R^sselecttdfrorathegioupconsisdngofH.Ci.2oalkyI,Ci 20 alkyl with a nh«,vi 

16. A confound of the fonmila: 
Mi-AA-COO-R 
30 oraphannaceuticaayacceptablesalt wherein 

Ml represents H. NHz-CO-. NH2-CS-. NH2-SO2.. X-NH^O- X-,N-CO. 
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phcnyl groups substitated with K. Cmq alkyl with an attached phenoxy gioup. and Cmq 
allgrl with an attached phenoxy group substituted with K on the phenoxy gioup; 

Y is selected fiom the group consisting of Ce-io alkyl. Ci-iofluoioallqri Ci lo alkyl 
substituted with J. Cmo fluoroalkyl substituted with J. l-admantyl. 9-fluoienyl. phenyl 
5 substituted with K. phenyl disubsdtuted with K. phenyl trisubstitutcd with K, naphthyl. 

naphthyl substttuied with K, naphthyl disubstituted with K. naphthyl trisubstituted with K. Ci 
10 alkyl with an attached phenyl group, Cmq alkyl with two attached phenyl groups, Cmo ' 
alkyl with an attached phenyl group substituted with K, and Cmq alkyl with two attadied' 
phenyl groups substituted widi K: 
10 J is selected fiom the group consisting of halogen, COOH. OH. CN, NO2. NH2, Ci 

10 alkoxy, Ci-io alkylannne, C2.12 dialkyhunincCi-io alkyl-CKX)-. Ci.io alkvl^>A. ' 
NH-.andCi.ioalkyl-S-: 

K is selected fiom the group consisting of halogen. C^o alkyl. Cj.io pcifluoioallgrL 
Clio alkoxy. NO2. CN, OH. CO2H. amino. Chq alkylamino. C2.12 dialkylamino. C,- 
15 Cioacyl,andCi.ioalkQ3gr-00-.andCi.ioallgrI.S-; 

AA is a side chain blocked or unblocked amino add w&h the L configuration. D 

configuiation,ornochira% at the a-carbon selected fiom the group consisting of alanine 
vahne. leucme. isoleucine, proline, methionine, methionine sulfoxide, phenylalanine 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, aspaiagmc. glutamine. aspinic add. 
glutamic acid, lysine, aiginine. histidme. phenylglycine. bcta-alaninc, norleudnc. noivaline. 
alpha-aminobutyiic acid, epsilon-aminocaproic acid, citrulline. hydroxyprolinc. ornithine 
homoargininc. san^sinc. indoline 2-carboxylic acid. 2-azctidinccarboxyUc add. pipccolinic 
acid (2-pq)eridinecarboxylic add). 0-mcthyIsciine. O-ethylsetine, S-methylcysteine. S- 
cthylcysteine. S-benzylcysteine. NH2-CH(CH2CHEt2KOOH. alpha-aminoheptanoic add, 
NH2-CH(CH2-I-napthyl)<:OOH. NH2-CH(CH2-2.napthyI)-COOH. NH2-CH(CH2- 
cycIohexyl)-COOH.NH2.CH(ai2-(7clopeatyI)-COOH.NH2.C^ 
NH2<H(CH2-cycIopropyI)-COOH. Irifluoroleucinc. and hexafluoroleudne: 

Ris selected fiom the group consisting ofH,C,.2oaIkyl,Ci.2oalkylwirfiapheayl 
30 ^^^'^'°*'^l-20'^-^'*Cl-20^1«^thanattad«dphe^^^ 
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Claim numbers , because they relate to parts of the international applIcaUon that do not comply wnh the prescribed require- 

ments to such on extent that no meaningful International search can be carried out », spectflcally: 



Ctainnumbofs .b«»««thoy twdopofKkftt daimsi« drafted in 

PCT Rule 6.4(a). 



VL[3 observations WHERE UNITY OF INVENTION IS LACKING > 



This Internationct Searching Authortty found multiple tmrentions In this Inlcmatfonol application as foOows: 

SEE ATTACHMENT 



As «a required additional search fees were Umely paid by the applicant, this International search report covers afl searchable clalma 
of the international application. 

A« only some of the required addlUonaf search fees «wre Ume^ paid by the appOcant. this International search feport covers only 
those claims of the International application for which fees were paid, spedficatly ctalma: 

3.EI Wo required additional search fees were ttmely paid by the appDcanL Consequently, this international search report Is restricted to 
t^ie invention first mentioned In the claims; It la covered by dabn numbers; 

Claims 1 and 2 to the extent they read on Gtoup CLXXXrU as set forth 
In the listing of multiple inventions above. 

mwffSJSlm*!* aSrid^^^ without effort lustifying an addiUonal fee. the International Searchmg Authority did not 

flemark on Protest - 
Q The additional search fees were accompanied by app&eanfs pratesL 
□ No protest accompanied the payment of addiUonal search fees. 
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Sheet J . 

riaiffls 1-16 read on a diversity of distinct inventions depending 
upon the structure of the compounds being claims. In general the 
claims read on compounds of the formula 



M-(AA).-CO-R. • 
Distinct inventions are represented by compounds of 

A. Groups T-XXVI wherein n=l, R=NR;Rj. AA is a heterocyclic 
amino acid and 

I* M is hvdrogen. 
IT .Mis X;-N-CG- '.mnlf I is I sr icnllz W2 ? .i > -r V . 
III. M is " tr \ \i iliMiv- "'^I'-f ^ i- r is ie{i?«r ii Icnz 

IV, M is " Vncreii i* >.ait T Is fnortfl?: isi '".e irjer 7. Is :;T3r«3j: y u ?*?i5d :: Ir-ips 

V. M Is " Va%:el5 r. Uis: osfl I :s 3fyl jf!l sibstttue! lihi 44^ cBe it^er I is ml :r ir?! 

Sflbstj'toUi <]iif; Of js hum h I'rwas I- IT er IJI sfli t h 5 ir >• , 

VI. M is " •threh u •♦•m oa* I Is K?:w ir?i«? sib^^^ 

Of 3rj:3n sdst ■ tiifei iiijl s: as hiim is Grasps J. "J or J? 29; 5 is v -i: 2 , 

•VII. M is X2-N-SO2- -iiertla 1 is 5 If icvcilc* , 

VIII . M is " -rtereii u Imi cae I Is Ajaql ni atier I is liiiu?! ti «:iiiei :a 

IX. M is " -rtereie n I«st one I U Vnmiji i« ^le icier 1 is n^reail if is iefUd la -rc^cs 

J or 11' , * 

X. M is " -tierelB it Uai m \ :c ir>:ir \xfi sibstlUtei lUii iai rte ftier ! U 4r?I «r 

iirji saistltBtei alh] ar is iefisei jd finiDS 1. 1! ar III' . . 

.XI. M is -Mere!! U lem I Is inl'»l '^f ^nis" srtstttnrf itl?l «i tie it*ef ! :j 

anlflxv 5r irtiin saistiUtei ilijl ir 25 i%ihri i« ^raoes 1. 11. IJJ ?r :T" , 
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aIT . M is X-CG- f'vffi* I s : V tq-Vs ui « Is : rr r. 

XIIT. M is " ^iHsM I Jf iiii-n; ii^: 5 It 5 1' . 

* I 

XIV. M is " Vf-rri*! I :s f::if«f: ui ^ Is -I If r- . 
X\- . Mia iMhnlt ! ;£ j;vi it)] htlvAuui siiv; 355 5 is *r , 

XVII. M is X-SOj- Vfltrv;" I ; a; 
X\-III. Mis " (VBereis I is mmv:', 
XIX. M is " VaereiBl is flioreHi': , 
XX. M is " ujff'if ! ;s uj: or arii SflistiUUi allyj: , 
XXI. M is " •••erela I Ls ir?lou -r uj-iw j^bsilm*-! \lhV^ , 
XXII . M i s X-O-CG- frtsrei- ! is J or acyciic iti 5 is .3 or ?• , 
XXIII . M is " Nhreifl I !s Hiaar.l 4ai ^ is -1 V ^ 
XXIV. M is " Wtmh I -s fjaorecj; iti f 5 ar S- . 

XXV. M is " I ujl ir ifji ,8htlu^^^ 

XXVI .Mis " fMereia I :s ir?ioxy jr jry}^^ ssbsiitalw iihj ad 5 ;$ 3 I' . 

B. Groups XXVII-LII wherein n=l. R=NR3R|, is an aromatic 
amino acid and M is as defined in Groups I-XXVI respectively. 

Groups LIII-LX.X\'III wherein n=l, R=NR,R,. AA is a cyclic 
amino acid and M is as defined in Groups I-XXVI respectively. 

D. Groups LXXIX-CIV wherein n=l, RsNRjRi, AA is an acyclic 
amino acid and M is as defined in Groups I-XX\"I respectively, 

E. Groups CV-CXXX wherein n=2r R=NR3R4, at least one AA is a 
heterocyclic amino acid and M is as defined in Groups T-XXVI 
respectively. 
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F. Groups CXXXT-CLVI therein n=2, R=MR,R.. at least one AA is 
an aromatic amino acid and the other AA's are not heterocyclic and 
M is as defined In Groups T-XX\'T respectively, 

G. Groups CLVII-CLXXXIT wherein n=2, R=aVR-.R^, at least one AA 
is a cyclic amino acid and the other. AA's are not heterocyclic or 
aromatic and M is as defined in Groups I-XXVI respectively. 

Groups CLXXXTIT-CCVTII therein n=2. R=NRJ?j, .\A is an 
acyclic amino acid and the other AA is not heterocyclic, aromatic 
or cyclic and M is as defined in Groups I-XX\''I respectively, 

r. Groups CCIX-CCXXXTV wherein n=3, R=NR,Rj, at least one AA 
is a heterocyclic amino acid and M is as defined in Groups I-XX\"I 
respectively, 

J- Groups CCXXXV-CCLX wherein n=3, R^NR^R^, at least one AA is 
an aromatic amino acid and the other AA's are not heterocyclic and 
M is as defined in Groups T-XXVI respectively, 

K. Groups CCLXr-CCLXXXVI Wherein n:=3, R=NR:R|, at least one A.\ 
is a cyclic amino acid and the other AA's are not heterocyclic or 
aromatic and M is as defined in Groups I-XXVI respectively, 

L. Groups CCLXXXVII-CCCXIT wherein n=3, R=NR,Ri, at least one 
AA is an acyclic amino acid and the other AA's are not 
heterocyclic, aromatic or cyclic and M is as defined in Groups I- 
XXVI respectively, 

M. Groups CCCXIII-CCCXXXVITT wherein n=4, R=NR,R,, at least one 
AA is a heterocyclic amino acid and M Is as defined in Groups I- 
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XXVI respectively, 

N. Groups cccxxxiX-cccLXiy Wherein n=4, R=nr,r.. at least one 
AA is an aromatic amino acid and the other AA's are not 
heterocyclic and M is as defined in Groups I-XXVI respectively, 

0. Groups CCCXLV-CCCXC wherein n=4, R=,VR,R,, at least one AA 
i« a cyclic amino acid and the other AA's are not heterocyclic or 
aromatic and M ts as defined in Groups I-XXVI respectively, 

P. Groups CCCXCT-CMXVT wherein n=4. R=NR,R., at least one AA 
is an acyclic amino acid and the other AA's are not heterocyclic, 
aromatic or cyclic and M is as defined in Groups I-XXVI 
respectively, 

Q. Groups CMXVU-CMXLII wherein n=l, R = -oh or an ester 
moiety, AA is a heterocyclic amino acid and M is as defined in 
Groups I-XXVI respectively, 

R. Groups CMXLIII-CMLXVIII wherein n=l. R = -OH or an ester 
moiety, AA is an aromatic amino add and M is as defined in Groups 
T-XXVI respectively, 

S. Groups CMLXIX-CMXCIV wherein n=l, R = -OH or an ester 
moiety, AA is a cyclic amino acid and M is as defined in Groups T- 
XXVI respectively, 

T. Groups CMXCV-MXX wherein n=l, R « -OH or an ester moiety, 
AA Is an acyclic amino acid and M is as defined in Groups I-XATI 
respectively, 

U. Groups MXXI-MXLVI wherein n=2, R = -OH or an ester moiety. 
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at least one AA is a heterocyolio amino acid and M la as defined in 
Groups T-XX\*I resoectivelv , 

I 

V. Groups MXLVII-MLXXII wherein n=2, R = -OH or an ester 
moiety, at least one AA is an aromatic amino acid and the other 
AA's are not heterocyclic and M is as defined in Groups I-XXVT 
respectively, 

W. Groups MLXXTIT-MXCVTII wherein n=2, R = -OH or an ester 
moiety, at least one AA is a cyclic amino acid and the other AA''s 
are not heterocyclic or aromatic and M is as defined in Groups I- 
.XXVI respectively, 

X. Groups MXCIX-MCXXIV wherein n=2. R = -OH or an ester 
moiety, .\A is an acyclic amino acid and the other W is not 
heterocyclic, aromatic or cyclic and M is as defined in Groups I- 
XX\*I respectively, 

Y. Groups MCXXV-MCL wherein n=3. R = -OH or an ester moiety, 
at least one AA is a heterocyclic amino acid and M is as defined in 
Groups I-XXVI respectively, 

Z. Groups MCLI-MCLXXVI wherein n=3, R = -OH or an ester 
moiety, at least one AA is an aromatic amino acid and the other 
AA's are not heterocyclic and M is as defined in Groups I-XXVT 
respectively, 

AA. Groups MCLXXVII-Mccil wherein n=3, R = -OH or an ester 
moiety, at least one AA is a cyclic amino acid and the other AA's 
are not heterocyclic or aromatic and M is as defined in Groups I- 
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XXVI respectively, 

BB. Groups MCCIII-MCCXXVIII wherein n=3, r = -oh or an ester 
moiety, at least one AA is an acyclic amino acid and the other AA's 
are not heterocyclic, aromatic or cyclic and M Is as defined in 
Groups T-XXIT respectively, . • 

CC. Groups MCCXXIX-MCCLIV wherein n=4, R = -OH or an" ester 
moiety, at least one AA is a heterocyclic amino acid and M is as 
defined in Groups I-XXVI respectively, 

DD. Groups MCCLV-MCCLXXX wherein n=4, R = -oh or an ester 
"noiety, at least one AA ls,an aromatic amino acid and the other 
AA's are not heterocyclic and M is as defined in Groups I-XXV'T 
respectively, 

EE. Groups MCCLXXXI-MCCCVI wherein n=4. R = -OH or an ester 
moiety, at least one AA is a cyclic amino acid and the other A.A'8 
are not heterocyclic or aromatic and M is as defined in Groups I- 
XXVT respectively, 

FF. Groups MCCCVII-MCCCXXXII wherein n=4. R = -OH or an ester 
moiety, at least one AA is an acyclic amino acid and the other A.Vs 
are not heterocyclic, aromatic or cyclic and M Is as defined In 
Groups I-XXVI respectively. 

As set forth above, Group I is not the first appearing 
invention. The above order was used to set forth the distinct 
inventions in a systematic way and not in the order that the 
inventions appear In the claims. The first appearing invention in 
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claim 1 would correspond to the compounds wherein n«2. R=NR,R^. at 
least one AA is an acyclic amipo acid and the other AA's are not 
heterocyclic, aromatic or cyclic and M is hydrogen which are 
compounds falling with Group CLXXXIIT. The International search 
has been established on this Invention, 



